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INTRODUCTION  AND  SUMMARY 


INTRODUCTION 

This  report  is  submittecl  in  compliance  with  Item  A002,  Exhibit  A,  of  Contract 
N62269-76-C-0199.  'I'his  application  study  final  report  considers  the  feasibility  of 
'replacing  the  existing  F-14  Caution  Advisory  Subsystem  with  a Master  Monitor  Dis- 
play (IVIMD).  'Phis  study  shows  that  it  is  entirely  feasible  to  incorporate  an  MMD  into 
the  F-14  aircraft,  in  spite  of  the  fact  that  the  F-14  is  in  the  advanced  stage  of  produc- 
tion. Moreover,  this  addition  would  enhance  the  pilot's  effectiveness  as  manager  of 
a number  of  highly  complex  airci'aft  systems.  This  is  accomplished  by  reducing  the 
pilot's  workloatl,  particularly  during  times  of  crisis. 

In  any  aircraft,  some  means  of  monitoring  the  inflight  operating  status  of  those 
systems  that  are  required  to  maintain  and  ensure  safe  flight  is  necessary'.  In  the 
past,  and  particularly  in  the  F-14,  tliis  need  has  been  met  by  use  of  a Caution  Ad- 
visory Indicator  (CAI).  The  CAI  receives  discrete  information  (go/no-go)  from  a 
number  of  sensors  located  in  the  various  systems  throughout  the  aircraft.  In  the 
event  of  no  go  conditions,  CAI  circuits  are  activated,  lighting  appropriate  backlighted 
legends  and  furnishing  readable  messages  to  the  crew.  Over  the  years,  as  aircraft 
and  systems  technology’  have  grow'n  more  and  more  complex,  the  task  of  monitoring, 
and  particularly  of  displaying  the  proper  malfunction  message  has  become  more  and 
more  difficult  for  the  CAI  method. 

The  advances  in  technology  demand  a computerized  display  which  would  not  only 
indicate  out-of-tolerance  conditions  or  malfunctions,  but  u’hich  could  make  decisions 
based  upon  multiple  parameters,  and  display  the  proper  message  for  the  situation. 
Therefore,  this  message  should  accurately  summarize  the  situation  and,  in  addition, 
it  should  provide  the  appropriate  required  action  on  the  part  of  the  crew.  Such  are  the 
functional  requirements  of  the  MMD.  In  order  to  fully  exploit  the  capability  of  such  a 
display,  the  on-board  systems  must  be  computer  managed,  providing  a variety  of  in- 
formation such  as  degree  of  degraded  performance,  mode,  back  up  modes  available, 
etc. , as  opposed  to  the  discrete  go/no  go  information  of  the  CAI  system  described. 

This  information  would  be  supplied  to  the  MMD  via  a data  buss  such  that  discrete  wiring 
would  be  held  to  a minimum.  All  signal  information  would  be  in  the  same  digital 
word  format. 

This  study  considers  the  feasibility  of  replacing  the  existing  F-14  CAI  with  a 
practical  MMD.  Towaixl  that  end,  an  MMD  has  been  proposed  that  meets  the  stated 
functional  requirements  without  the  computerized  input  signal  information  and  fea- 
tures. The  reason  for  not  computerizing  the  MDD  is  that  its  incorporation  would  re- 
quire extensive  redesign  of  the  F-14.  The  recommended  approach  represents  the 
most  practical  solution  to  development  and  flight  test  of  an  MMD  for  the  F-14  airci’aft. 

The  three  major  tasks  outlined  in  the  Contract  Statement  of  Work  are  arranged 
and  discussed  as  discrete  packages.  Therefore,  Task  1 contains  and  discusses  those 
items  listed  under  I’ask  1 of  the  Statement  of  Work.  Tasks  2 and  3 contain  and  dis- 
cuss their  respective  statement  of  work  items.  'The  following  summary  briefly  de- 
scribes the  proposed  F-14  MMD, 
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SUM^L\RY 

The  following  is  a summai’y  of  the  features  of  the  proposed  MMD:  For  reasons 
of  practicality,  an  MRID  is  proposed  for  the  pilot  only  in  the  F-14.  This  MRID  uses  a 
cathode  ray  tube  (CRT)  as  a readout,  and  automatically  displays  fault  and  required 
action  for  all  detected  faults  in  page  format.  In  addition,  if  the  detected  fault  is  a 
caution,  a master  caution  indication  is  provided.  Since  the  recommended  approach  is 
to  retain  all  of  the  present  warning  indications  in  the  F-14,  no  such  master  warning 
indication  is  provided. 

The  MMD  allows  the  pilot  to  manually  select  the  following  displays: 

• All  system  status 

• A single  system  with  status  of  its  subsystems 

• i'^ltTirfcrrrnattcrrr  for  all-faults  eoataiiied  iH-a^seleeted  system-  - 

• Fault  historj'. 

The  MIMD  incorporates  a priority  feature  which  provides  that  warning  displays 
have  p«oi'ity  over  all  other  displays  and  automatic  displays  (detected  faults)  have 
prioiity  over  all  manually  selected  displays. 
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TASK  1 


Task  1 contains  the  following; 

• Table  1 lists  the  existing  F-14  input  signals  that  will  be  available  to  the  MMD. 
Table  1 also  pi’ovides  the  conditions  specified  for  each  signal.  The  first  47 
signals  listed  are  in  the  front  cockpit  and  are  used  for  the  pilot's  CAI.  Sig- 
nals 48  through  G1  are  located  in  the  rear  cockpit  and  are  used  for  the  NFO's 
CAI. 

• Table  2 lists  the  F-14  mission  modes.  The  Pilot's  Display  Control  Panel  is 
shown  in  Figure  1.  The  Ilead-l'p  Display  (IP-'D)  and  Vertical  Display  symbols 
for  the  various  modes  are  shown  in  Figure  2 through  22. 

• An  F-14  sensor  block  diagram  is  shown  in  Figure  23.  The  F-14  Caution 
Advisorj^  Indicator  front  panel  is  shown  in  Figure  24. 
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table  1.  INPUT  SIGNALS  TO  F-14A  CAUTION-ADVISOR  Y INDICATOR  (PILOTI 


Signal 

Type 

Conditions 

1. 

L Fuel  Low 

(C) 

Legend  Not  Illuminated  (Go):  Open  Circuit 

Legend  Illuminated  (No  Go):  +28  (■••7.0,  -4.6)  vdc,  10  MA 

2. 

R Fuel  Low 

(C) 

3. 

Bingo 

4. 

L Ramps 

(C) 

5. 

R Ramps 

(C) 

6. 

Oxygen  Low 

(C) 

7. 

L Inlet 

(C) 

8. 

R Inlet 

(C) 

9. 

L Ovsp/Valve 

(C) 

10. 

R OVSP/Valve 

(C) 

11. 

L Oil  Hot 

(C) 

12. 

R Oil  Hot 

(C) 

13. 

L Gen 

(C) 

14. 

R Gen 

(C) 

15. 

Ladder 

(C) 

16. 

Bleed  Duct 

(C) 

17. 

L Fuel  Press. 

(C) 

18 

R Fuel  Press. 

(C) 

19. 

Canopy 

(C) 

20. 

Inlet  Ice 

(C) 

21. 

Hyd  Press. 

(C) 

22. 

Trans/Rect 

(A) 

23. 

WshId  Hot 

(A) 

24. 

Launch  Bar 

(A) 

25. 

Rudder  Auth 

(C) 

Legend  Not  Illuminated:  -t4.5  ±0.5  vdc  (Go) 
Legend  Illuminated;  0.0  (■^0.5,  -0.0)  vdc  (No  Go) 
Source  Impedance:  Not  lllum-Less  Than  100  Ohms 

Ilium  -0.0  Ohms  to  Open  Circuit 

Load:  5K  Ohm  Min  in  Parallel  With  5000  PFD  Max 

26. 

Spoilers 

(C) 

27. 

Auto  Pilot 

(C) 

28. 

Yaw  Stab.  Op 

(C) 

29. 

Pitch  Stab.  1 

(C) 

30. 

Roll  Stab.  1 

(C) 

31. 

Yaw  Stab.  Out 

(C) 

32. 

Pitch  Stab.  2 

<C) 

33. 

Roll  Stab.  2 

(C) 

34. 

Hz  Tail  Auth 

(C) 

35. 

Mach  Trim 

(A) 

36. 

CADC 

(C)  1 

1 Provide  Voltage  (+  12v  Min,  + 28v  Max)  for  Collector  of  NPN  Transistor 

1 

1 for  Conditions; 

37. 

Flaps 

(C)  1 

1 Legend  Off:  Saturated  (Less  Than  0.4  vdc) 

38. 

Glove  Vane 

(C)  J 

1 10  ma  Sink  Current 

Legend  On:  Open  (Cutoff  Transistor) 

25  pamp  Max  Leakage 

. I 
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TABLE  1.  INPUT  SIGNALS  TO  F-14A  CAUTION-ADVISORY  INDICATOR  (PILOT)  (Cont) 


Signal 

Type 

Conditions 

39.  Oil  Pressure 

(Cl 

Legend  Not  Illuminated:  Open  Circuit 
Legend  Illuminated:  Ground  (A/C  Gnd) 

40.  AHRS 

(A) 

1 

41.  IntegTrim 

(A) 

T 

42.  Wing  Sweep 

(A) 

Legend  Not  Illuminated:  Ground  (A/C  Gnd) 
Legend  Illuminated:  Open  Circuit 

43.  Alt  Low' 

(A) 

Legend  Not  Illuminated:  Open  Circuit  1 

1 j 111  . ^ .1.  no  j (Not  Used) 

Legend  Illuminated:  + 28vdc  ] 

44.  Reduce  Speed' 

(A) 

Legend  Not  Illuminated  : Saturated  Transistor  to  Ground  (Less  Than  4 vdcl 
Legend  Illuminated:  Open  (Transistor  Cutoff) 

25  p amp  max  leakage 

45.  Wing  Sweep' 

(W) 

Activated  From  Either  or  Both  Inputs 

Input  1.  Legend  Off;  Saturated  Transistor  to  Ground 
(Less  Than  0.4  vdc) 

Legend  On:  Open  (Cutoff  Transistor) 

25  pamp  Leakagt;  Max 
Input  2,  Legend  Off:  Return  to  A C Ground 
Legend  On;  Open  Circuit 


46.  Auto  Throttle' 

(C) 

Legend  Off:  Open  Circuit 

Legend  On:  Ground,  45  ma.  Max  Sink  Current 

47.  Wheels' 

Warning) 

Legend  Off:  Open  Circuit 

Legend  On:  Return  to  A/C  Ground 

Flashes  On  & Off  (Square  Wave,  4 pps) 

In  addition,  the  following  signals  are  used  and  are  available: 

• 

Dimming  Signal  (Discrete/  + 28vdc 

• 

Test  Signal  (Discrete) 

+ 28vdc 

• 

Master  Caution  Reset 

Ground  (Ov) 

48.  Film  Low 

(A) 

Legend  Not  Illuminated  (Go)  • Open  Circuit 

49.  RDR  Enabled 

(C) 

Legend  Illuminated  (No 

Go)  ■ -r  28  (-t  7.0,  -4.6)  vdc 

- 20  Milliamps  Max 

50.  C&D  Hot 

(C) 

51.  Cooling  Air 

(A) 

52.  Fuel  Low 

(C) 

53.  Cabin  Press. 

(C) 

54.  MSLCond 

(A) 

55.  Canopy 

(C) 

56.  Oxy  Low 

(C) 

57.  AWG  9Cond 

(A) 

58.  Nav  Comp 

(A)  ) 

Legend  Not  Illuminated  (Go)  Open  Circuit 

59.  AHRS 

(A)  1 

Legend  Illuminated  (No  Go)  Ground  (A/C  Gnd) 

60.  Fuze  HV 

(C) 

61.  (MU 

(A)  ’ 

Legend  Not  Illuminated  (Go)  ■ Ground  (A/C  Gndl 

Legend  IKuminated  (No  Go)  Open  Circuit 

" Remotely  located  from  CAI 

'*  Signals  numbered  48  through  61  are  located  in  the  rear  cockpit  and  are  used  for  the  NFOs  CAI 
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TABLE  2.  F 14  MISSION  MODES 

Mode Submode 

1 . Tdkeoff  A.  Tacan 

B.  Manudi 

2.  Cruise  A,  Vector 

8.  Tacan 

C.  Destination 

D.  Manual 

A.  Manual  Gun 

B.  Sidewinder  {AIM-9) 

C.  Sparrow  Boresight  (AIM-7) 

D.  Sparrow  Norma!  (AIM-7) 

E.  Phoenix  Normal 

F.  Phoenix  Boresight 

A.  Computei  Target  or  IP 

B.  Computer  Pilot  (Bombs) 

C.  Computer-Pilot  (Gun/Rockets) 

5.  Landing  A.  Vector 

B.  Manual 

C.  Tacan 

D.  ILS 

E.  ACL 

• Modes  are  selected  by  activation  of  mode  select  switches  (Figure  1). 

• Switches  illuminate  when  selected  indicating  operating  mode 

• Pilot  also  knows  mo<1e  by  displays  presented  on  VDI  and  HUD 

• Various  displays  for  each  mode  are  shown  in  Figures  2 through  22 


3.  Air-to  Air  Attack 


4.  Air  to-Ground  Attack 
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Figure  5.  Cruise  Mode/TACAN  Submode 
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Figure  8.  Air-To-Air  Manual  Gun  Mode 


Figure  9.  Air-To-Air  Sidewinder  Normal  Mode 


Figure  11.  Air-To-Air  Sparrow  Normal  Mode 


DECLUTTER 

• PITCH  LADDER  BOMB  DELIVERY  GUN/ROCKETS  DELIVERY 
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Figure  23.  F-14  Sensor  Block  Diagram 


NADC-77076-30 


TASK  2 

Task  2 includes  tlie  following: 

• Matrix  - Table  3 is  a matrix  of  MMD  inputs  vs  outputs.  The  same  table  is 
included  as  part  of  tlie  MMD  specification. 

• Analysis  of  F-14  signal  data  available  to  MMD 

• Requirements  to  add  course  of  action 

• F-14  equipment  deleted  with  addition  of  MMD 

• Summary'  of  weight,  volume,  and  power  deltas 

• MMD  design 

• Recommended  format  for  display  of  information 

• Other  uses  of  MMD 

• Shopping  list  of  complexity  vs  amount  of  information  displayed. 

The  F-14  cockpit  layout  with  the  MMD  is  shown  in  Task  3 in  Figures  39  and  40  as 
part  of  Implementation  Problems. 


NADC-7707G-30 


TABLES.  MMD  INPUTS  VS  OUTPUTS 


xxxxx  xxxx 
X 


Remote  Warning  Indication 
Master  Caution 
ACLS/AP  Disengaged 

1.  Take  Control  Land  Manually 
AHRS/Compass  Controller  Failure 

1.  Use  INS-IMU 

2.  Avoid  IFR  Fit  if  INS-IMU  not  Avail. 

Auto  Pilot  Failure 

1,  Check  A/P  Mode  Failure 

2.  Recycle  A/P  Engage 
Auto  Throttle  Disengaged 

1.  Assume  Manual/Boost  Control 

2.  Satisfy  APC  Interlocks 

3.  Reengage  APC  Auto 
Brakes 

1.  Anti  Skid  Off 

2.  Caution  Modulate  Brakes 

3.  Release  Emergency  Brake 
A/P  Ref  Not  Engaged 

1.  Depress  Ref  Engage  Button 
Bingo 

1.  Fuel  Remaining  is  Reqd  to  Return  to  Base 
Bleed  Duct 

1 . Air  Source  Off 

2.  Ram  Atr-Increase  K 300  KIAS/0.8  IMN) 

3.  Land  ASAP 
CADC  Failure 

1.  Master  Reset  Depress  - If  Fault  Remains 

2,  Remain  Below  1.5  IMN 
Canopy  Unlocked 

1.  Canopy  Handle  Boost  Close 

2.  Visors/Seats  Down 

3.  Stay  Below  200  KIAS/1 5,000  Ft 

4.  Land  ASAP 
L(R)  Fire 

1 Throttle  Affected  Ertginu  Idle 

2 All  Source  Off 

3.  If  Fault  Goes  Away  Check  Fiie  Det  Sys 
If  Fault  Remains  oi  Fails  Fire  Det  Test 

4 Throttle  Affected  Engiru’  Off 

5 Fuel  Shutoff  Affected  Engine  Pull 

6,  Land  ASAP 

7 If  Fire  Persists  Ejrrct 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


0 3jr-3Jf-XI- 

O O "n  Ti  Ti 


> 5 


9 < 


c c c c 

3 3 ct  ^ 2.  2. 
*0  J r-  I" 

i S i S 


^0,000000 
< 0^000  0 no 

^ tu 


< <<<<<< 
Q.HQ.aD.Q.aa 
n-’nnnnon 


xxxxxxxxx 

X X 

X X 


X X 


Remote  Warning  Indication 
Master  Caution 
L(R)  Fuel  Low 

1 . Dump  Switch  off 

2.  Fuel  Distribution  Check-Balance 
IfWing/Ext  Fuel  Remains; 

3.  Wing/Ext  Trans  Switch  Onde 
L /R)  Fuei  Press. 

1.  No  A/B  Above  15,000  Ft  on  Affected  Engine 

2.  Fuel  Distribution  Monitor/Balance 

3.  Land  ASAP 

If  BothL&R  Faults  Occur 

1 . Descend  to  < 25,000  Ft 

2.  Maintain  Cruise  Power  or  Less 

3.  Land  ASAP 
L (R)  Gen  Off  Line 

1.  Affected  Gen  Off/Reset,  Then  Norm 
If  Fault  Remains: 

2.  Affected  Gen-Test 

Fault  Goes  Away-Distr  Sys  Problem 
Fault  Remains-IDG/GCU  Problem 
If  Both  L&R  Gen  Faults  Occur 

1 . Generators  • Cycle 

If  Temp  Loss  of  Comb  Press.  Causes 
Emerg  Gen  to  Drop  Buss  2 

2.  Emerg  Gen-Cycle 

3.  Land  ASAP 
Glove  Vane 

1.  Check  Hyd  Pressure 

2.  Maneuver  Devices  Retract 

3.  Master  Reset  Depress 
Oxygen  Low 

1.  Cabin  Alt  10,000  Ft 

2.  Mask  Off 

3.  Oxy  Switch  Off 

4.  Oxy  and  Mask  on  For  Landing 
HZ  Tail  Aufh 

1,  Master  Reset  Depress  (10  Sec) 

2.  400  KIAS.  Restrict  Lateral  Control  to  % Throw 
3 No  Oversweep  on  Deck 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT'Dt 


u "O  "D  X 33  33 

C — O o 

Q.  n n — — a 

I s 

t)  6, 

> ^ Si.  CT  CT  cn 


MMD 

Ouipuis 


X X 

X X X X X X X 


X X X X 


Remote  Warning  liKiication 
Master  Caution 

MMD  Fault  Course  of  Action 
Reduce  Speed 

1 D.-v'-lto-  280  K IAS 

2 Chi'i  k !ii(>  yKiftiiit'  0 

3 Ma't*  • R'-s>'l  D*-pffSs  Thm  R.-prat  Cnul 
Roll  Pitch  Stab  1 or  2 Fadure 

1 Cv'‘>  Appiopi  at'' Slab  Aug  Sw 

Nt'Coi'  All  on  tji  L'nvtat""' 
j if  Both  1 & 2 Roll  Pitch  Stab  Faults  Occur 
I 1 A * .p.’.'d  D'-i  .'1  to  Slab  L 'o  t 
I P u ti  Not  R'-sf'  ' tt'd 

Rui,  OOTIMN 

2 lOSni  toi  St‘b  Ti--t 

3 R.h  k f auMs 

I |i  t)n.  f aii'i  1 1 O'  2)  Go'"-  Av.av  R'’^*  I St.il’  Aug  No  I 

b Both  f au't . ( 1 ^ 2'  R*  ma  II 

1 I • av''  Stall  Aii'j  Ot  t 

2 St  ly  fb'iovv  Stall  Liin  ts 

Wain  ■!()  Do  Not  t nga.l*'  ACLSiu  DLC 
Rudder  Auth 

1 Reilmv  A ’ Np* ''d  Us*' Caul 'll!'  ‘O  f^ujlilri  IVd'et  t on 
V\h  '*•  at  f'l  gt'  A ' - ii.  .hI 

2 Ma  t.-(  H.^•■l  D.'iio  10  S.M 

.1  M tjuP  R»'n*a  n-.  L m l f^inld*  ' Atuu*  2S0MASto 

4 I .>M(|  'll]  Po.'-  tv*  L 'n*!''*!  Rudd*  ' ^ NWS 
Spoilers 

1 N*'U(IJ'  '•  t .if'-'j!  < 

7 Ma--iri  H— T O'  Po  . 

It  f and  Ri'iiiaav. 

3 AvO'ili'  Abiiipl  Ljt*-'a'  C.imti.i  M.gti  Hot'  Rates 
Wa*  'ic Ml}  VV  fti  VVuuj'.  I O'  vva'it  v»t  b 7 I m ess  v«‘  Mo* 

Tail  l)'t1*"rnl'.i'  Mas  CauM‘ S*  viM ' Stiuitoi.i'  Uamatj* 

T rans  Rect  Failure 
No  Cievv  Ai  t'On 
Whorls  Not  Down 

I owi*r  I andmp  G*>ai 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT’D) 


Xir-^z^r- 

^ ? S ' " ^ 

6 I T 5 T*  ^ 

^ _ rn 


a -C  :5  a 


MMD 

Inputs 


c o c c ^ o c 

o n n n s on: 


NJ  fVJ 

X cc  C 

c < 3 


2 c X 
< _ 
> X 1 

n ” ^ 


•si  \J  NJ  "Sj 


X X 5. 

1 £ £.  i > 

" o 


MMD 

Outputs 


xxxxxxxxxxx 


X X 


X X 


; Movements 


> f- nhjnced  bv  M' i 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Integ  Trim  Failure  Use  Manual  Trim 
L IRl  Inlet  &/or  L(R)  Ramp 

1 D-n.'-  to  ■ 0 9 IMN 

2 Avo  Li  Ah'  upt  ThfOttU 

3 Stov.  Affectt'cl  Rju'p 
•J  h fl  Rjmp  Auto 
M Rjmp  f j.iit  Rt'mj 
5 Cbt  I is  *o'  HycJ  Fo  Li'u 
Notf  Ror*i|i  Blow  BihF  ■ 

Po\'.(  ■ jt  ?00  KIAS  I Rump  1 ) & tn  liilt- 
.1'  0 85  IMN  I Rump  3)  W it'  Ink'I  Sw  ti  ti 

' I Auiii 

»j  Tbf.ttf;,  iB.M  Ffujifit  l 80  or  Lnss 
LuniJ  ASAR 

AI  Tf  MPT  INC.  AlCS  Rt  SE  T (In'.'t  Fund  Only) 
n.'i  - lb.  Oh  IMN 
At  t.  . i.-ii  Stow 

Att,..  1,.,!  AlCS  CH  CyvM-'  (LF  ? ot  LG2I 
I'.'-ij  If  Caution  Wiiuj  Sweep  Fault  is 
i-Mi  Cyi'luui  f3  vihi  AtCS  CB  Muy  Causi- 
W>n<p  to  Swi'i'P 
1 I Inirt  F^.imp  Auli> 

12  H I ’i-'i  F uult  Eb '111, nils.  Stay  ■ 0 9 IMN 

Inlet  Ice 

1 Anti  Icf  Switclr  ()i  id*' 

2 Wtu>n  ClfMi  ot  l(  iiu|  Cond,  SeU'i'r  Auto 
Ladder  Unlatched 

1 Aii'.pi’ed  Miinnnim 

2 AhIhimu'  VisiI)Ic  Instn'i  t'on  d F'’dSil>le. 

3 Land  ASAP 
Lavinch  Bar 

OnGimii'd  Tvikr  Appi  opi  ult »’ Ait 'Oil 

In  Fliglit  Do  Not  R*.‘trat  l Landing  Geai 
Lfind  ASAI’ 

Mach  Trim 

1 Masli'i  Reset  l^epiess 

2 Use  M.jniial  T r an 
Nav  Computer  Failure 

1 Switch  to  IMU  (N(  U) 

NWS  Engaged 

U NWS  IS  Not  Dt'snfd  Oepicss  Button 
on  Stic  k Gup  to  Disemjaqe  NWS 


7 
I* 

8 
<) 

U) 

Wa 

Pr. 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


X X 


X X 


X X 

i 


X X 


L (R)  N^OVSP 

1 Throl  Afffcted  Engine  Idle 

2 Nuzzle  Position  Check 

3 Avoid  Hi  Power  Settings 

4 Land  ASAP 
L <R)  St  Valve 

M A.fhorne 

1 Air  Source  Off 

2 Eng  Crank  Sw  Off 

3 It  fault  remains  Land  ASAP 

4 It  fault  goes  away.  Air  Source  Both 

5 La'Hi  ASAP 

Caution  With  Air  Source  Off,  Stay 
Below  300  K I AS  0,8  IMN 
If  On  Deck 

1 All  Source  Oft 

2 Throt  Affected  Engine  Off 
L (R)  Oil  Hot 

1 Throttle  Affected  Engine  As  High  Fuel 
Flow  as  Practical 

2.  Induce  Slight  Left  Sideslip  (R  Rudder) 

3.  If  Fault  Remains  After  1 Min,  Throttle-Off 
4 Land  ASAP 

5.  Relight  Engine  for  Ldg  if  Necessary 
L (Rl  Oil  Press.  Low  {Affected  Engine) 

1.  Oil  Press.  40  PSI  at  MIL,  Throttle  Idle 

2.  0)1  Press.  35  PSI  at  idle,  or  Engine 
Vibration,  Throttle  Off 

3.  If  Shutdown  Not  Feasible.  Set  78%  RPM 

4.  Avoid  High  G or  Large  Throttle  Movements 

5.  Land  ASAP 
ARI  Engaged 

Disengage  if  Not  Desired 


1 

I 


Wshid  Hot  OC  28  vdc 

Yaw  Stab.  Op  4.5  vdc  0 vdc 

Yaw  Stab.  Out  4.5  vdc  0 vdc 

IMU  Gnd  (A/C)  OC 

Cabin  Press.  OC  28  vdc 


l> 


o 

<' 

n 


X X X X X 


X 


X 


X 


X 


X 


Remote  Warning  Indication 
IVfaster  Caution 

MMD  Fault  & Course  of  Action 


Windshield  Hot 

1.  Wshid  Switch  Off 

2.  Air  Source  Off  (Below  35,000  Ft) 

If  Fault  Remains  After  Air  Source  is  Off, 
Indication  IS  Faulty.  Turn  ECS  on  & 

Land  ASAP 

3.  Ram  Air  INCR  « 300  XI AS/0,8  IMN) 

4.  Land  ASAP 
Yaw  Stab.  OP 

1.  Master  Reset  • Depress 

2.  If  Fault  Remains,  Stay  Below  0.93  IMN 
YAW  STAB.  OUT 

1 . Yaw  Stab.  Off 

2.  Master  Reset  Depress 

If  Fault  Goes  Away  Reengage  Yaw  Stab, 
If  Fault  Remains  Stay  Below  0.93  IMN 
IMU  Failed  (NFO) 

1.  Switch  to  AHRS 
Cabin  Press.  (NFO) 

1 . Oxy  Mask  ON 

2.  Cycle  Press.  Switch 


j 


\ 


o o 

o n 


X 


Master  Caution 
Fit  Hyd  Press  Low 

It  Approx  2100  PSI 

1 . Wing  Sweep  — 20 

2 Right  Ramp  (•  0.9  IMISI)  Stow 

3.  Emerg  F)i  Hyd  High  (Just  Prior  to  Dirty  Up) 

Equip  Inop  Normal  Hook  Restored  by  WOW 
4 Land  ASAP 

Note;  Arrested  Landing  Requires  Emerg  Hook  Ext 
It  Approx  0 PSI 

1 Bi  Direct  Pump  OFF 

2.  Wing  Sweep  20° 

3.  Emerg  Fit  Hyd  Sw  High  (Just  Pnor  to  Dirty  Upl 

4.  Equip  lnop‘  R Glove  Vane.  ACLS,  R AlCS.  and  Norm  Hook 

(Restored  by  WOW) 

5.  Land  ASAP 

NOTE;  Arrested  Ldg  Requires  Emerg  Hook  Ext 
Comb  Hyd  Press.  Low 
If  Approx  2100  PSI 

1.  Hyd  Isol  - Fit 

NOTE ; Monitor  Aux  Brks  Gage,  Tap  Wheel  Brake  to  Seat  Priority 
Valve  it  Press,  is  Decreasing 

2.  Wing  Sweep  20° 

3.  Left  Ramp  (<  0,9  IMNI  Stow 
4 Equipt  Inop  None 

5.  Emerg  Fit  Hyd  High  (Just  Prior  to  Dirty  Up) 

6 Land  ASAP 
If  Approx  0 PSI 

1.  Bi  Direct  Pump  Off 

2.  WrngSw  20' 

3.  Equip  Inop;  L AlCS,  L Glove  Vane.  Emerg  Gen.  Aux  Flaps. 

Inbd  Spoilers,  NWS.  Gun  Drive.  DLC,  Spd  Brks,  Norm  Hook. 

Hook  Extend*.  Flaps/Slats*.  Ldg  Gear*.  Wheel  Brakes*.  Refuel  Probe* 
* Emerg  Actuation  Available 

4.  Emerg  Fit  Hyd  High  (Just  Prior  to  Dirty  Up) 

5.  Wheels  Emerg  DN 

6 Flaps/Slats  DN  (No  Aux  Flap) 

7.  Hook  Emerg  DN 

8.  Brake  Hand  Pump  Check 

9.  Anti  Skid/Spoiler  Bk  Spoiler  Bk  (Off  for  CVA) 

10,  Arrest  Land  ASAP 
After  Lartding: 

1 1.  Engines  Off 

Stay  in  Arresting  Gear 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


Remote  Warning  Indication 


X Master  Caution 

MMD  Fault  & Course  of  Action 
X Flap/Slat  Malfunction 

After  Raising  Handle-Flaps/Slats  Not  Indicating  Up 

1.  Remain  below  225  KIAS 

2.  Master  Reset-Depress 

3.  Maneuver  Flap  Thumbwheel  Full  Forward 
If  Fault  Remains 

4.  FLAP  Handle-Emerg  Up 

After  Raising  Flap  Handfe-Ffaps/Siats  indicate  Up 

1.  Remain  Below  225  KIAS 

2.  Master  Reset  Depress 

3.  Maneuver  Flap  Thumbwheel  Full  Forward 
If  Fault  Remains; 

4.  Flaps-Cycle 

If  Flaps  Respond: 

5.  Master  Reset-Depress 
If  Fault  Remains: 

6.  Attempt  to  Sweep  Wings  to  25*^  (Manual  Mode). 

If  Wings  Will  Not  Sweep  Aft  of  20.  Both  Aux  Flaps  are  not 
Retracted  & Limit  Switches  Are  Not  Made; 

7.  Remain  Below  0.7  IMN  (Maneuver  Flaps  & Auto  Retract 
May  be  Inoperative) 

If  Wings  Will  Sweep  Aft  of  20°: 

8.  Accelerate  to  300  KIAS. 

9.  Attempt  Wing  Sweep  Aft  of  50°  (Manual  Mode). 

If  Wings  Will  Not  Sweep  Aft  of  50°.  Mam  Flaps  Are  Not  Fully 
Retracted : 

10.  F LAP  Handle  Emerg  Up 

1 1.  Reattempt  to  Sweep  Wings  Aft  of  50 
If  Wings  Still  Will  Not  Sweep  Aft  of  50°: 

12.  Remain  Below  0.8  IMN. 

Note 

If  wings  sweep  aft  of  50°.  aircraft 
flight  envelope  IS  unrestricted.  Man 
euver  flaps  & auto  retract  may  be 
inoperative. 

After  Lowering  Flap  Handle  Flap/Slats  Not  Indicated  Down: 
1.  FLAP  Handle  Emerg  Down 

After  Lowering  Flap  Handle  Flap/Slat  Indicating  Down: 

1 . Wing  Sweep  Check  at  20° 

(Allow  10  Sec  for  Auxiliary  Flaps  to  Extend) 

2.  Master  Reset  Depress 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  (CONT’D) 


MMD  Fault  & Course  of  Action 


X Flap/Slat  Malfunction 
If  Fault  Remains: 

3 Normal  Landing 

Note 

Flap  Ught  may  be  caused  by  failure  of 
auxiliary  flaps  to  extend,  increasing  approach 
speed  approximately  5 knots 
After  Using  Maneuvering  Devices 
1 Master  Reset  Depress 

2.  Maneuvering  Flap  Thumbwheel  Full  Forward 
If  FLAP  Fault  Remains 

3.  FLAP  Handle  Emerg  Up 
If  Flaps  Indicate  Up 

4 Wing  Sweep  Aft  of  50'’  {manual  mode) 

If  Wings  Will  Not  Sweep  Aft  of  50*’ 

5.  Remain  Below  0.8  IMN 
Note 

If  wings  will  sweep  aft  of  50°,  aircraft  flight 
envelope  is  unrestricted.  Maneuver  flaps  and 
auto  retract  will  be  inoperative. 

X ASYMMETRY  FLAP/SLAT  LOCKOUT 

Warning 

Asymmetric  flap  extension  can  pioduce  an  uncontrollable  rolling  moment 
The  following  procedures  defeat  the  designed  asymmetry  protection  and 
therefore  should  be  used  when  a shipboard  landing  is  the  only  alternative 
and  flap  extension  is  required  to  remain  within  arresting  gear  limits. 

I Airspeed  Maintain  Less  Than  225  KfAS 

2.  Maintain  Wings  Level  Flight 

3.  Aux  Flap/Flap  Qonti  CB  NFO  PUII  (7G3) 

Warning 

Failure  to  pull  the  AUX  FLAP'FLAP  CONTR  cb  before  completing  the 
following  steps  may  result  in  an  uncontrollable  pitch  trim  change  due 
to  auxiliary  flap  extension  or  retraction 

4.  Flap  Handle  Corresponding  to  Indicator 

Caution 

Placing  the  F LAP  handle  in  either  the  full  extend  or  retiact  positioir  may 
result  in  damagr?  because  the  overtravel  switch  will  be  disabh*d 
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TABLE  3.  MMD  INPUTS  VS  OUTPUTS  ICONT'D) 


D 3 O < 

la  7T  3 

3 

< < ^ PD 

S S 


0,0  o 

0,0  o 

3 O)  3 

a 3 a 


MMD 

Outputs 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Asymmetry  Fiap/Slap  Lockout  (Cont'd) 

5.  Flap/Stat  Contr  Shutoff  CB  Cycle  (RE2) 

6.  Slowly  Move  Flap  Handle  Toward  Desired  Position 

If  Flaps/Slats  Respond,  Nuisance  Lockout  Has  Been  Eliminated 

7.  Aux  Flap/Flap  Contr  CB  NFO  Reset  (7G3) 

8.  Master  Reset  Depress 

If  Flaps/Sldts  Do  Not  Respond; 

7.  Reposition  Flap  Handle  to  Match  Indicator 

8.  Flap/Slat  Contr  Shutoff  CB  Pull  (RE2) 

9.  Slowly  Move  Flap  Handle  Toward  Desired  Position 
If  Aircraft  Rolls: 

10  Move  Flap/Slats  Back  to  Where  No  Rolling  Exists 
If  Aircraft  Does  Not  Roll; 

10.  Stop  Flap/Slat  Travel  Before  Reaching  Full  Up  or  Full  Down 

Caution 

With  the  Flap/Slat  Contr  Shutoff  CB  Pulled. 

No  Overtravel  Protection  for  the  Flap/Slats  Exists 

1 1 . Flap/Slat  Contr  Shutoff  CB  Reset  (RE2) 

12.  Land  Utilizing  15  Units  AOA 

Wing  Sweep 

1.  Master  Reset  Depress 

2.  If  Fault  Remains,  One  Channel  Has  Failed 
Wing  Sweep  Both  Ch  Failed 

No  Auto/Man.  Control 

1 . Airspeed  Decel  to  0.9  IMN 

2.  Check  Spider  Detent  Engaged 

3.  Master  Reset  Depress 

Wait  15  Sec  If  Warn  Indication  Remains 

4.  Wing  Sweep  CB  (2)  Puli  (Wg  Sw  Drive  No  1 & 2.  LE  1 , LE2I 

5.  Emerg  Wing  Sweep  Harulle  Comply  With 

<0.4  IMN  20“ 

<^0.7  IMN  25“ 

<0.8  IMN  50“ 

• 0.9  IMN  60” 

>0.9  IMN  68 

Caution  Avoid  ACM  & Aeiohatics 

Before  Ldg  Use  Flap  Over  travel  Position 
To  Insure  Flaps  Remain  Fully  Extended 
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ANALYSIS  OF  F-14  SIGNAL  DATA  AVAILABLE  TO  MMD 

The  F-14  CAI  sensor  signals  are  discrete  and,  as  such,  indicate  go/no  go  con- 
ditions. Existing  signals  do  not  lend  themselves  to  MMD  type  readouts  where  quanti- 
tative information  is  desired  in  addition  to  go/no  go  information.  For  example,  the 
OIL  PRESSURE  indication  is  triggered  ON  if  the  oil  pressure  of  either  (or  both)  en- 
gine(s)  goes  below  25  psi.  Present  circuits  do  not  indicate  whether  the  low  oil  pres- 
sure condition  is  in  the  left,  right,  or  both  engines.  In  addition,  the  signal  does  not 
indicate  the  oil  pressure  level.  This  example  is  typical  of  certain  t>’pes  of  present 
F-14  sensors  used  for  the  CAI.  However,  additional  information  is  available  to  the 
pilot,  in  most  cases,  at  the  individual  gauges  where  quantitative  information  is  dis- 
played. Table  4 lists  some  of  the  existing  F-14  gauges  and  indicators,  along  with  the 
implementation  method,  nie  signals  derived  and  used  to  drive  the  gauges  could  also 
be  used  to  provide  quantitative  information  for  the  MMD.  These  signals  would  be 
processed  and  converted  into  digital  words  for  the  MMD.  This  could  be  accomplished 
through  use  of  the  multiplex  technique  described  in  Task  3.  Go/no  go  conditions 
could  also  be  determined  from  these  quantitative  signals  by  comparing  the  current 
operating  values  with  stored  tolerance  values.  This  eliminates  the  need  for  tlie  pres- 
ent discrete  input  signals  for  these  parameters  and  then  corresponding  sensors  could 
be  removed.  In  Table  4,  those  parameters  for  which  corresponding,  independent, 
discrete  signals  are  available  to  the  MMD  are  shown  witli  asterisks,  Correspemding 
signals  for  the  remaining  parameters  are  not  presently  available  to  the  MMD.  In 
some  cases  the  MMD  will  indicate  a condition  for  which  no  quantitative  value  is  re- 
quired. For  example,  if  an  Overspeed  (L,  R)  condition  should  occur,  the  MMD 
will  furnish  the  sole  indication  of  this  condition  to  the  pilot. 

The  majority  of  the  existing  sensor  signals  to  the  CAI,  and  those  that  will  be 
available  to  an  MMD  indicate  malfunctions  for  which  there  is  no  associated  quantitative 
parameter.  Typical  of  these  are  the  flight  control  system  sensors  (Pitch  Stab.  1, 

Roll  Stab.  1,  etc.)  and  the  CADC  systems  (CAuC,  Glove  Vane,  Wing  Sweep,  etc.). 

In  these  cases,  go/no  go  condition  along  wiUi  the  course  of  action  information  dis- 
played by  the  MMD  appear  to  be  adequate. 

Due  to  the  present  status  (advanced  production)  of  the  F-14  program,  any  air- 
craft modifications  as  described  above  would  have  a serious  cost  impact.  The  cost 


TABLE  4.  POTENTIAL  SOURCES  OF  QUANTITATIVE  INFORMATION 


Existing  Gauge/Meter 
Hydraulic  Press.*  (Comb  & Fit) 
Flaps 

Oil  Press,*  (L  & R) 

Tachometer  (N2)  (L  & R) 

Total  Inlet  Temp  ( L & R) 

Fuel  Flow  ( L & R) 

Nozzle  Position  (L  & R) 

Wing  Sweep 


Location 

L Knee  Panel 
L Vert  Console 
L Knee  Panel 
L Knee  Panel 
L Knee  Panel 
L Knee  Panel 
L Knee  Panel 
R Instr  Panel 


Method  of  Implementation 
Synchro  System 
Synchro  System 

Var  Reluctance  Bridge  & D'Arsonval 

Gen,  Freq.  Counter 

Thermocouple 

Analog  Voltage,  0-5VDC 

Synchro  System 

Analog  Voltage,  0 10'.  DC 


*For  these,  there  are  corresponding  but  independent,  discrete,  go/no  go  signals  presently  available  to  the 
MMD. 
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impact  would  result  from  the  change  itself,  as  well  as  the  impact  of  the  change  on 
related  activities  and  documents.  This  includes  packaging  and  mounting  of  added  cir- 
cuits, modification  to  aircraft  wiring,  drawings,  test  plans  and  procedures,  and 
technical  manuals.  In  addition,  qualification  testing  would  be  required  for  any  new 
equipment. 

Due  to  the  expense  of  making  aircraft  changes,  much  effort  has  been  expended 
toward  proposing  a practical  MMD  that  requires  minimum  modification  to  the  exist- 
ing F-14  airci-aft.  Therefore,  with  few  exceptions,  this  study  proposes  to  use  avail- 
able inputs  as  they  exist. 

During  die  analysis  of  available  signals,  it  was  discovered  that  in  several  cases 
two  sensor  signals  are  combined  into  a single  indication.  This  was  done  because  of 
lack  of  spare  indicator  circuits  in  the  CAI.  For  the  MMD,  we  are  recommending  the 
separation  of  these  signals,  and  the  addition  of  several  new  signals.  This  will  achieve 
more  specific  fault  indication  and  course  of  action  instruction.  These  signals  are  listctl 
in  Table  5,  and  the  diagram  of  the  wiring  change  is  shown  in  Figures  25  and  26. 


TABLE  5.  PROPOSED  MMD  INPUT  SIGNAL  CHANGE 
New  Messages  Old  Messages 

L Nl OVSP 

LOVSP/Valve 

L Start  Valve 

L OVSP/Valve 

R Nl  OVSP 

R OVSP/Valve 

R Start  Valve 

L OVSP/Valve 

Fit  Hvei  Press. 

Hyd  Press. 

Comb  Hyd  Press. 

L OVSP/Valve 

R Oil  Press. 

Oil  Press. 

L Oil  Press. 

L OVSP/Valve 

Asymmetry  Flap/Slat  Lockout 

Did  Not  Exist 

ARI  Engaged 

Did  Not  Exist 

REQUIREMENTS  TO  ADD  COURSE  OF  ACTION 

The  present  CAI  indicates  faults  or  malfunctions  in  the  F-14.  With  its  inherent 
limitations,  it  performs  this  function  very  well.  However,  to  know  the  praper  action 
to  take  for  the  various  faults,  the  pilot  must  refer  to  his  pocket  checklist.  This  is  time 
consuming,  and  in  some  cases  requires  locating  and  reading  several  pages  of  procedure 
for  a single  fault.  If  several  faults  occur  simultaneously,  or  in  rapid  succession,  tlie 
workload  would  become  overwhelming  for  the  situation.  Earlier  in  this  report,  the 
primary  functions  of  an  AIAID  were  discussed  and  are  summarized  here; 

1.  Alert  the  pilot  to  conditions  which  require  attention 

2.  Inform  pilot  of  the  required  action  to  be  taken  for  the  alerted  conditions. 

With  this  goal  in  mind,  it  is  felt  that  a practical  MMD  can  be  generated  by  exiianding 
the  existing  CAI  capability  by  making  a few-  changes  and  adding  course  of  action  in- 
formation to  the  display  for  each  fault. 

Adding  course  of  action  information  creates  the  need  for  a jnemon-  (ROM), 
along  witli  the  nccessar>’  control  and  display  provisions.  The  size  of  this  memory  is 
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Figure  25.  Present  CAI  Implementation 
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determined  by  the  total  of  all  course  of  action  information  for  each  fault.  In  general, 
the  course  of  action  information  is  taken  from  the  Pilots  Pocket  Checklist,  NAVAIR 
01-Fl 4AAA-1B.  Due  to  the  amount  of  procedure  to  be  stored  in  the  ROM,  a 120K  bit 
storage  capabilit>’  is  recommended.  This  includes  a growth  potential  of  about  209?. 

Each  input  (fault)  has  an  associated  address.  This  address  distinguishes  a 
given  input  from  all  others.  It  also  identifies  a location  in  memorj'  (ROD!)  where  the 
associated  block  of  course  of  action  information  is  stored.  If  a fault  condition  is  de- 
tected on  an  input,  tlie  corresponding  course  of  action  information  is  read  into  a RAM 
memoiy  for  display.  This  demonstrates  the  requirement  for  a RAM.  The  MDID  RAM 
would  accommodate  the  following  functions: 

• Storage  for  the  continually  updated  status  of  each  input 

• Storage  for  the  fault  histoi’y  feature.  This  portion  will  be  non  volatile  for 
power  shutoff 

• Storage  of  control  functions  (programs,  etc) 

• Provide  the  display  refresh  function. 

It  is  estimated  that  lOK  bits  RAM  storage  capabilit}’  is  required.  A mici’oprocessor, 
whose  functions  are  listed  below,  is  also  required: 

• Pi’ogram  the  sampling  and  storage  of  status  of  each  input  during  lx)th  normal 
and  test  conditions 

• Locate  the  associated  course  of  action  information  when  a fault  is  detected, 
and  direct  the  loading  of  this  information  into  the  RAM  for  display 

• Prograni  and  format  the  information  to  meet  display  requirements 

• Perform  all  required  logic  functions  to  meet  the  DIMD  opei’ational  require- 
ments 

• Program  the  display  control  functions. 

E-ll  EQUIPMENT  DELE lEl)  WITH  ADDITION  OF  MMD 

In  the  front  (pilot's)  cockpit  the  candidate  equipments  for  removal  if  an  MMD  is 
installed  arc; 

• Caution  advisory  Indicator  5.5  lb 

• Wheels  Waming  Indicator  and  Dloimting  0.5  lb 

• Threat  (DECM)  Indicator  and  Moiuiting  0.5  lb 

• Fire  Waming  Indicator  (2)  0.2  lb 
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One  of  the  main  reasons  for  adding  an  MMD  to  the  F-14  is  to  replace  the 
various  caution  and  warning  indicators  scattered  about  the  cockpit  with  a centralized 
unit  for  displaying  this  information  to  the  pilot.  To  ensure  that  in  making  such  a 
change,  capability  is  not  lost,  locatio  * of  the  new  display  is  of  prime  importance. 
Ideally,  it  should  be  located  within  a 30°  cone  of  vision  (where  the  scattered  indi- 
cators are  located)  described  by  a 15°  angle  rotated  about  a line  from  the  design  eye 
of  the  pilot  to  the  top  center  of  the  instrument  panel.  The  AIDS  cockpit  layout  shown 
in  Fig.  27  shows  an  attempt  to  achieve  this  location  for  the  MIMD.  'Ilie  reason  for 
this  location  is  to  provide  heads  up  acquisition  of  displayed  information.  Any  devi- 
ation from  tliis  location  sacrifices  capability.  In  addition,  some  means  of  ensuring 
tliat  messages  do  not  go  unnoticed  is  required,  creating  the  need  for  a master  caution 
indicator.  After  much  consideration,  it  appears  that  the  installation,  which  has  the 
least  impact  on  the  cockpit,  and  in  fact,  appears  to  be  the  only  practical  location,  is 
an  enlargement  of  the  area  presently  occupied  by  the  CAI  in  the  pilot's  cockpit.  This 
location  has  to  some  extent  influenced  the  MMD  design. 

The  suggested  elimination  of  dedicated  warning  indicators  particularly  in  the 
front  cockpit,  was  met  with  considerable  opposition  from  the  Human  Factors  Group. 
The  reason  for  this  is  that  these  indicators  provide  heads-up  indication  of  waniings, 
which  no  practical  location  of  the  MMD  in  the  F-14  cockpit  can  provide.  This  could 
be  a ciT^cial  factor  in  combat  or  during  carrier  landings.  Therefore,  it  is  suggested 
that  these  indicators  not  be  removed  from  the  F-14  but  left  as  they  are  if  an  MMD  is 
installed.  This  means  that  the  MIMD  would  replace  only  the  CAI  in  the  front  cockpit. 

In  the  rear  (NFO's)  cockpit,  the  candidates  for  deletion  with  the  addition  of  an 
MMD  are: 


1. 

Caution  Advisorj'  Indicator  (CAI) 

2.6  lb 

2. 

Digital  Data  Indicator  PDI) 

4.6  lb 

3. 

'llireat  pECM)  Indicator 

0.8  lb 

Incorporating  functions  of  the  rear  cockpit  CAI  into  an  MMD  does  not  in  itself 
involve  any  significant  problem.  Finding  a practical  location  for  the  MMD  in  the  rear 
cockpit,  however,  is  a major  problem.  Solutions  to  this  problem  ai*e  considered  luider 
Implementation  Problems. 

The  DDI  could  be  replaced  by  the  MMD.  However,  there  are  certain  features  of 
the  DDI  which  the  MMD  as  presently  conceived  does  not  contain.  These  are: 

• Certain  types  (Group  1)  of  messages  can  only  be  displayed  one  at  a time,  and 
remain  until  another  of  the  same  type  cancels  and  replaces  the  old  message. 

• Other  types  (Group  2A,  B,  and  C)  can  be  displayed  one  of  each  sub-group  at 
a time,  however,  they  are  self  extinguishing  after  30  seconds.  'Mthough  the 
MMD  could  handle  these  messages  as  coded,  no  internal  timing  is  presently 
provided.  If  the  DDI  was  removed,  the  MMD  would  have  to  be  modified  U) 
include  the  required  display  timing.  This  feature  is  only  needed  in  the  rear 
seat.  The  DDI  is  mission  oriented  while  the  MMD  as  pixiposed  is  aircraft 
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oi’iented.  The  issue  of  mission  vs.  aircraft  orientation  as  related  to  the 
MMD  should  be  investigated  furtlier.  All  10  messages  presently  displayed 
on  the  DDl  ai’e  advisorj’  in  nature. 

The  situation  involving  the  Threat  Indicator  in  the  rear  is  similar  to  that  in  the 
front.  'I'he  present  location  is  excellent.  Any  practical  location  of  the  MMD  in  the 
rear  cockpit  would  be  a poorer  location  for  display  of  these  warnings.  The  existing 
indicator  contains  both  warnings  find  cautions,  some  of  which  are  classified.  However, 
all  of  the  messages  can  be  displayed  on  the  MMD  without  difficult^-.  As  mentioned  in 
the  situation  regarding  the  front  cockpit,  our  Human  I'actors  Group  takes  a dim  view 
of  eliminating  die  existing  dedicated  warning  imiications  with  the  installation  of  an 
MMD.  However,  it  would  appear  that  the  "heads  up"  retjuirement  for  waming  indi- 
cation in  the  rear  cockpit  is  not  as  critical  as  for  the  front  cockpit,  since  the  pilot  is 
flying  the  aircraft  and  the  NFO  is  not, 

SUMIiLARY  OF  WEIGHT,  \’OLTME,  AND  POWER  DELIAS 

The  CAI  uses  a maximum  of  212  watts  of  power  from  the  aircraft's  28  vdc  supply. 
It  is  estimated  the  MMD  will  requii’e  approximately  300  watts.  This  represents  an 
increase  of  about  88  watts.  The  front  cockpit  CAI  ueighs  5.  5 lb  azid  has  a volume  of 
191  cu  in.  The  MMD  as  proposed  consists  of  a display  unit  and  an  electronics  package. 
The  weight  of  the  display  \mit  is  12  lb  with  a volume  of  394  cu  in.  The  electronics 
package  weighs  10  lb,  and  has  a volume  of  189  cu  in.  The  totals  for  the  two  imits  are 
22  lb  and  a volume  of  583  cu  in.  The  weight  and  volume  increase  because  of  the  MMD 
will  be  10.5  lb  and  392  cu  in. 

The  MMD  as  proposed,  pi’ovides  for  only  the  CAI  to  be  eliminated  and  replaced 
by  the  IVIMD,  and  in  the  front  (pilot)  coclpit  onlj'.  Elimination  of  the  discrete  waniing 
indicators  (Wheels,  Threat,  and  Fire)  would  reduce  the  weight  differential  by  approxi- 
mately one  poiuid.  However,  this  is  not  I'ecommended. 

MMD  DESIGN 

A functional  block  diagram  of  the  MMD  is  shown  in  Fignre  28.  A description  of 
the  functions  of  each  block  shown  in  the  diagram  follows: 

Interface 


The  interface  block  contains  circuits  to  perform  the  following  lunctions: 

1.  Sampling  of  inputs 

2.  Signal  conditioning 

3.  Disabling  of  normal  input  information  and  application  of  test  inputs  during 
test  conditions. 

Input  sampling  is  accomplished  by  use  of  a Data  Selectors ''Multiplexer  such  as  showai 
in  Figure  29.  The  microprocessor  programs  the  sequence  of  input  signal  addresses  to 
be  decoded  by  the  Data  Selector,  thereby  enabling  each  input  in  sequence.  If  the  one  of 
eight  t\pe  of  Data  Selector  is  used,  ten  imits  will  be  required  to  accommoiiatc  all  input 
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Figure  29.  Data  Selectors/Multiplexers 
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signals.  Since  each  of  the  ten,  one  of  eight  Data  Selectors  must  also  be  selected  in 
sequence,  additional  bits  will  be  included  in  the  address  word  for  this  purpose. 

To  achieve  uniform  go/no  go  criteria  for  all  of  the  input  signals,  signal  con- 
ditioning is  required.  The  input  signals  contain  the  following  tj'pes  of  go/no  go 
criteria: 

Go  (inactive)/No  Go  (active) 

• Open  Circuit/ +28v 

• +i.5\7ov 

• Ground  Open  Circuit 

• Open  Circuit /Ground 

• Sat.  Transistor  ^Cutoff  Transistor. 

The  tollowing  Upes  of  input  conditioning  circuits  can  be  used  to  achieve  tlie  de- 
sii'ed  imifonn  go/'no  go  criteria: 

Input  types 

Open  Circuit/+28VDC 

+5V 


+5V/OV 


•'Inversion  Hec|uired 
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Ground/Open  Circuit 


+5V 


+5V/OV 


Open  Circuit 'Groimd 


+5V 


♦ 5V 


+5VOV 


Display  Circuits 


♦Inversion  Required 


The  display  circuits  convert  tlie  contents  of  the  RAM  for  display  of  alphanumeric 
information,  position  this  information  on  the  CRT,  and  generate  the  display  refresh  at 
a rate  of  CO  times  per  second. 

Mici'oprocessor 

The  micropi’ocessor  is  the  heart  of  the  system.  It  programs  the  sampling  of 
inputs  both  during  normal  and  during  test  conditions,  detects  and  stores  faults,  and 
identifies  the  block  of  data  in  ROM  that  should  be  displayed.  Wlien  a fault  is  detected, 
the  microprocessor,  depending  upon  the  input  being  sampled,  locates  the  position  in 
the  ROM  where  the  appropriate  fault  and  course  of  action  information  is  stored,  llic 
microprocessor  tlien  causes  that  block  of  information  to  be  transferred  into  the  RAM 
for  display.  The  microprocessor  also  performs  the  necessaiy  logic  to  establish  display 
priorit}’,  and  generates  all  necessary’  timing  signals. 

Display 


The  display  is  the  actual  readout  for  all  messages  to  be  furnished  to  the  pilot.  A 
CR  T type  display  seems  to  be  the  most  practical  approach  at  this  time  because  it  rep- 
resents a tried  and  proven  approach  to  the  man-machine  interface  for  data  presentation. 
A keylxianl  with  lx)th  fimction  and  numeric  keys  is  provided  to  allow  various  display 
selection  and  cancellation. 

I'he  block  diagram  (Figure  28)  shows  a data  bus  that  is  not  rcc(uircd  for  the  I'-l  I 
application.  It  is  included  for  flexibility  and  cojupatibility  with  the  other  AIDS  displays. 
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ROM 


The  ROM  is  the  data  bank  for  all  fault  and  course  of  action  information.  In  ad- 
dition, an}'  other  read  only  tj'pe  of  information  such  as  pre-takeoff  and  landing  check- 
list information  would  be  stored  here,  should  it  be  desired  that  this  feature  be  in- 
cluded in  the  MMD.  As  pix>posed,  no  such  checklist  information  is  included  in  the 
MMD.  As  indicated  elsewhere  in  this  report,  the  ROM  will  require  120K  bits  of 
storage  for  the  fault  course  of  action  information. 

RAM 


The  RAM  contains  the  refresh  memory  for  the  block  of  data  being  displayed  on 
the  CR  T at  any  given  time.  The  RAM  also  contains  the  status  information  for  each 
input.  In  addition,  fault  history  information  is  contained  in  a non  volatile  portion  of 
the  RAM.  Finally,  the  RAM  contains  provisions  for  any  required  temporal*}'  storage 
of  information  for  such  purposes  as  are  required  for  the  operation  of  the  MMD  as  pro- 
posed. The  RAM  capacit}’  has  been  tentatively  estimated  at  lOK  bits. 

Display  Desig'n 


The  proposed  MMD  design  makes  use  of  a standard  CRT.  The  tentative  deci- 
sion to  use  a CRT  was  made  for  the  following  reasons: 

• Considering  the  flat  panel  readouts  such  as  liquid  ci*}'stal,  LED,  Plasma, 
etc. , it  appears  that  the  liquid  crystal  is  tlie  only  one  considered  to  have 
sufficient  contrast  ratio  under  high  ambient  lighting  conditions  to  allow 
usage  in  the  F-14  cockpit. 

• The  liquid  crystal  display  shows  promise  for  overcoming  the  "washout" 
problem  inherent  in  all  CRT  displays.  However,  the  present  "state-of-the- 
art"  is  such  that  the  lic(uid  cr}'stal  would  represent  a high  risk  approach. 

In  addition,  character  size  and  display  capabilit}-  may  be  a problem.  It  is 
our  understanding  that  the  liquid  cr}’stal  display  being  developed  Ijy  Hughes 
measures  5 in.  x 8 in.  and  provides  10  lines  of  10  characters  each  for  a total 
of  1(!0  characters.  In  view  of  the  vast  amount  of  data  required  for  the  F-1  1 
MMD  (e.g.  1,000  characters  contained  in  the  hydraulic  system  checklist) 

and  with  a desire  to  hold  multiple  pages  of  information  to  a minimum,  it  is 
believed  that  the  CRT  has  a decided  advantage  because,  as  show-n  below,  more 
than  800  characters  can  be  displayed  on  the  proposed  F-1 1 iMMD.  In  the 
future,  should  the  advantages  of  the  liquid  ci*}'stal  display  outweigh  those  of 
the  CR  T,  our  approach  has  the  flexibilit}-  to  take  advanUige  of  the  improved 
lif/uid  ci*}'stal  technolog}'. 

rhe  proposed  MMD  design  uses  a CRT  t}  pe  KC  273!)P  that  is  l',  in.  x 51  in. , and  has 
:ui  overall  length  of  7l  in.  A ' in.  area  around  the  CR  T is  allowed  for  packaging. 

This  CR  r provides  a usable  display  area  of  1 x 5 in.  A tradeoff  of  several  acceptable 
character  sizes  and  line  spacing  is  shown: 
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Character 
Height,  in. 

Line 

Space,  in. 

Lines 

Displayed 

Char/ 

Line 

Total 

Char 

3/16 

1/8 

16 

24 

384 

.3/16 

1/16 

20 

24 

480 

18 

1/16 

26 

34 

884 

It  is  estimated  that  the  distance  from  the  pilot's  eye  to  the  MMD  is  alxiut  3G  in. 
with  tlie  proposed  MMD  mounting  in  the  Pilot's  Right  Side  Console.  With  this  in  mind, 
it  appears  that  1/8  in.  high  characters  with  1/16  in.  spacing  are  acceptable.  In  fact, 
the  present  CAI  in  the  same  location  uses  1/8  in.  high  characters.  However,  a 
greater  margin  of  readability'  is  provided  by  the  use  of  3/16  in.  characters  with  18  in. 
line  spacing.  This  is  the  recommended  combination.  This  character  size  provides 
an  advantage  in  message  acquisition,  particularly  during  time  of  Pilot  high  work  load- 
ing. In  either  case,  character  width  shall  be  3/5  of  cliaracter  height,  except  for  the 
"1"  which  shall  be  one  stroke  width,  and  the  "M",  and  ”W",  which  shall  be  4/5  of  the 
height.  Stroke  width  shall  be  1 /'6  the  height  of  the  characters.  Character  spacing 
shall  be  one  stroke  width  minimum.  Word  spacing  shall  be  one  character  width.  Ex- 
amples of  displays  using  different  character  heights  are  shown  in  Figure  30. 

RECOMklENDED  FORMAT  FOR  DISPLAY  OF  INFORMATION 

The  recommended  approach  for  getting  the  recjuired  MMD  messages  to  the  pilot 
is  the  automatic  display  of  fault  and  course  of  action,  in  page  format  for  all  detected 
faults.  The  fault  will  be  listed  at  tlie  top  of  the  page.  The  I’equired  action  to  be  taken 
will  be  listed  beneath  the  fault.  Examples  of  typical  fault  .ne^sages  are  shown  in 
Fig'ures  31  through  34.  Of  the  approaches  considered,  such  as  recorded  messages, 
and  supplying  course  of  action  manually  if  needed,  this  approach  gets  the  message  to 
the  pilot  in  the  least  amount  of  time  and  with  good  reliability.  The  recorded  voice 
message  approach  is  subject  to  background  noise  interference.  The  manually  selected 
course  of  action,  when  needed,  is  slower  than  the  automatic  display.  Also,  there 
may  be  a tendency  for  the  pilot  to  resort  to  memory  instead  of  the  checklist.  Auto- 
matic display  of  this  information  will  lessen  this  tendency,  reducing  the  chance  of 
error. 


Actual  photographs  of  simulatetl  displays  are  shown  in  Figures  35  tlirough  38. 
These  displays  were  simulated  using  equipment  that  does  not  provide  the  checks  (Vi 
and  arrows  (•*— ) to  indicate  status  as  outlined  in  this  report.  In  these  photographs, 

',  and  «< symbols  are  used  to  indicate  go,  and  no  go  conditions,  respectively.  Fig. 
25  shows  an  All  Systems  Summary  indicating  a faulty  Flight  Control  System. 

Selecting  the  Flight  Control  System  would  result  in  the  display  shown  in  Fig.  36  indi- 
cating the  faulty  subsystem  — in  this  case.  Roll  Stab.  1 and  2.  Figs.  37  ;md  38  show 
the  message  that  would  result  if  the  Fault  pushbutton  was  depi’cssed. 
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Figure  30.  Examples  of  Display  Character  Si« 


REDUCE  SPEED  ROLL  STAB  1 OR  2 FAI  LURE 

1.  DECEL  TO  < 280  KIAS  CYCLE  AFFECTED  STAB  AUG 
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typical  WARMfViG  MESSAGE  TYPICAL  CAUTIOM  MESSAGE 


GLOVE  VANE  L FUEL  LOW 

L FUEL  PRESS  1.  DUMPSW-OFF 

L FUEL  LOW  2.  FUEL  DISTR-CHK-BAL 
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Figure  32  Typical  Multiple  Caution  Fault  Display  (Two  Pages) 
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01  MARNINOS 

+ 

0S  FUEL  SYS 

+ 

03  CAOC 

04  ELEC  POUER 

+ 

0S  ENO  INSTR 

+ 

06  AICS 

+ 

07  HYD  SYS 

+ 

08  ENV  CONTR  SYS 

+ 

09  FLT  CONTR  SYS 

<<< 

10  AIRFRAME  SYS 

+ 

11  NAV  SYS 

+ 

12  MISC 

+ 

Fiqiirt;  3b. 


1 


4 


All  Systems  Summ.iry 


III 


09  FLT  CONTR  SYS 


RUDDER  AUTH 
SPOILERS 
AUTO  PILOT 
YAW  STAB  OP 
YAW  STAB  OUT 
PITCH  STAB  1 (2) 
ROLL  STAB  1 (2) 
HZ  tail  AUTH 
MACH  TRIM 
A/P  REF 
ACLS/AP 


ROLL  STAB  X AND  2 FAILED 


1 AIRSPEED  - DECEL  TO  STAB 
LIMITS 

PITCH  NOT  RESTRICTED 
ROLL  - 0.93  IMN 

2 WAIT  10  SEC  FOR  SELF  TEST 

3 RECHECK  FAULTS 

IF  ONE  FAULT  (1  OR  2)  GOES 
AWAY.  RESET  STAB  AUG  - NO 
LIMITS 

IF  BOTH  FAULTS  REMAIN 

1 LEAVE  STAB  AUG  OFF 

2 STAY  BELOW  STAB  LIMITS 

CON'T  NEXT  PAGE 


ROUL  STAB  1 AND  2 FAILED 
NARNING ; 

DO  NOT  ENGAGE  ACLS  OR  OLC 
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SHOPPING  LIST  OF  COMPLEXITY  VS  AMOUNT  OF  INFORM AllON  DISPLAYED 

The  following  is  a list  of  levels  of  complexity  required  for  the  MMD  to  achieve 
greater  capability: 

• Design  an  MMD  using  the  CAI  interface  as  it  exists  in  F-14.  This  would 
provide  the  simplest  and  most  economical  MMD.  Basically  the  diffei’ence 
between  this  MMD  and  the  CAI  would  be  the  display  of  course-of-action  in- 
formation. 

• Make  minor  modifications  to  the  interface  signals.  Capabilitj'  is  increased 
resulting  in  some  decision  making,  more  specific  fault  indication,  and, 
therefore,  display  of  more  effective  course  of  action  information.  This  is  the 
proposed  MMD. 

• Add  Hydraulic  Checkout  Feature  (IIYCOS).  This  is  covered  in  this  report, 
and  is  a recommended  addition  to  the  proposed  MMD  design. 

• Add  new  sensors  (Table  4)  and  multiplexing  as  outlined  in  Task  3. 

- This  would  provide  quantitative  information  on  these  parameters. 

- Wiring  would  be  reduced  and  MMD  design  simplified.  This  is  discussed 
in  this  report  and  is  a major  modification. 

• Add  Audio  Cues  and/or  Voice  Messages 

- Potentially,  tones  can  result  in  faster  reaction  times  than  visual  cues. 
However,  they  can  be  troublesome  because  they  can  be  intei'fered  with  or 
masked  by  other  tones  or  sounds,  resulting  in  missed  cues. 

- Recorded  voice  messages  alone  result  in  slow’er  reaction  times  wlicn 
compared  to  indicator  lights.  However,  combining  the  two  (indicator 
lights  with  recorded  messages)  should  result  in  improve<i  reaction  times 
when  compared  to  indicator  lights  alone.  Care  must  be  exercise<i  in  tlie 
use  of  audio  cues,  particularly  in  the  use  of  tones.  The  use  of  reconled 
messages  in  combination  with  visual  cues  has  merit.  However,  Grumman 
is  not  proposing  the  use  of  these,  or  any  additional  audio  cues  beyond  those 
already  in  use  in  the  F-14, 

• An  MMD  could  be  adapted  to  provide  Onboaixi  Checkout  (OBC)  h pes  of  infor- 
mation. The  F-14  already  has  an  OBC,  but  the  capability-  is  there. 
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' TASK  3 

i 

i,  r 

; Task  3 contains  the  following: 

I 

j • Description  of  operation  ; 

I 

• Summary  of  implementation  problems 

• Additional  hardware  requirements  j 

i' 

• A profile  showing  the  proposed  location  of  the  Electronics  Unit  of  tlu* 

MMD 

• Recommendations,  ; 

The  F-14  MMD  Specification  has  been  included  in  this  report  as  Appendix  A.  ' 

This  will  allow  this  specification  to  be  used  apart  from  this  report  as  a separate 

document.  A summary  of  weight,  volume,  and  power  changes  is  included  in  'I’ask  2.  i 

The  Avionic  Boilerplate  Specification,  F-1-4A-BP-G8-1K,  is  included  as  Appendix  B.  j 

I DESCRIPTION  OF  OPERATION 

Operation  and  design  of  the  MMD  has  been  largely  influenced  by  the  AIDS  Lj 

*1  philosophy  of  management  by  exception,  and  by  the  requirements  of  Mil-STD- 111. 

, In  keeping  with  the  AIDS  philosophy  for  a no-fault  condition,  the  suggested  approach 

is  to  display  nothing  on  the  MMD.  This  approach,  however,  does  allow  for  complete'  ^ 

; manual  systems  status  monitoring  at  any  time  by  depressing  the  All  Systems  select  S 

pushbutton.  It  might  be  pointed  out  that  the  present  CAI  system,  and  all  existing  ; 

warning  indicators  on  the  F-14  use  this  same  philosophy,  nothing  displayed  for  a y 

no-fault  condition.  This  approach,  along  with  the  Built- In- Test  (BIT)  provisi.  ns,  f 

will  provide  the  necessary  high  degree  of  confidence  on  the  part  of  the  crew  for  such  * 

i a "managemcnt-by-cxception"  display.  Regarding  Mil-STD-  111,  it  was  (piestion- 

able  whether  this  document  should  apply  to  an  MMD  since,  in  a strict  sense,  it  was 
written  to  cover  lights  and  lighted  legends,  and  not  CRT  displays.  However,  it  does 
outline  the  requirements  for  aircrew  station  signals  of  the  type  displayed  on  an  .MMD.  , . 

In  addition,  it  applied  to  the  CAI,  which  the  MMD  will  replace.  In  this  respect,  it  1 

is  believed  that  with  the  exception  of  a few  minor  considerations  such  as  color  re- 

quirements,  the  intent  of  this  document  could  be  met  with  a CR'I'  display.  ’ 

i ^ 

The  categorizing  of  faults  has  been  guided  by  MI1.-STD- II 1,  which  defines 
three  fault  categories  basetl  upon  severity  and  reiiuircd  action  by  the  crew.  These 
categories  are  warning,  caution,  and  advisory  in  decreasing  order  of  importance. 

Briefly,  warnings  indicate  the  existence  of  hazarilous  conditions  requiring  immediate  ' 

action.  Cautions  indicate  impending  dangerous  conditions  rc(|uiring  action,  Init  not 
necessarily  immediate  action.  Advisories  indicate  safe  or  nonnal  conditions 


(if. 
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noteworthy  of  attention.  With  these  factors  in  mind,  an  analysis  of  those  advisory 
indication,  which  should  be  displayed  for  the  pilot,  indicates  that  they  should  be 
classified  as  cautions.  If  this  is  done,  the  category  of  advisory  would  be  eliminated 
leaving  only  warnings  and  cautions  to  be  displayed  on  the  pilot’s  MMD. 

All  detected  faults  of  the  warning  or  caution  categories  cause  automatic  display 
of  the  fault  and  the  prescribed  course-of-action  contained  in  the  Pilot's  Pocket 
Checklist.  In  the  case  of  cautions  (majority),  the  Master  Caution  (MC)  indication 
is  also  triggered  to  alert  the  pilot  to  the  caution  message  displayed  on  the  MMD. 
Since  the  recommended  approach  retains  all  of  the  existing  warning  indications  in 
the  pilots  cockpit  (these  are  all  located  within  the  30°  cone  of  vision),  a Master 
Warning  (MW)  indicator  is  not  necessary.  The  MC  indication  is  required  because 
of  the  location  of  the  MM  I). 

Manual  displays  are  selected  as  follows:  Depressing  the  All  SYS  pushbutton 
causes  the  All  Systems  Status  Summary  to  be  displayed.  This  display  is  shown  in 
Figxire  33.  Each  of  the  systems  listed  has  its  unique  number  and  its  total  status  in- 
dicated by  a check  ( \/)  for  no  fault,  or  an  arrow  (■«— ) for  a fault  situation.  System 
selection  is  accomplishetl  Ijy  depressing  the  appropriate  keyboard  digits  that  match 
the  numtjer  of  the  system  desired  for  display.  This  results  in  a display  listing  the 
selected  system  and  its  subsystems,  along  with  the  status  of  each  subsystem.  If  the 
FAULT  pushbutton  is  now  depressed,  all  faults  of  the  selected  system  arc  displayed 
along  with  the  appropriate  course  of  action  information,  in  page  format.  If  several 
pages  are  required,  this  is  indicated  b}’  the  caption  COKl'’D  NEXT  PAGE  at  the 
bottom  of  the  display.  The  next  page  is  displayed  when  the  NEXT  PAGE  pushbutton 
is  depressed.  Finally,  when  the  displayed  information  is  no  longer  needed,  it  is 
cancelled  by  depressing  the  CANCEL  pushbutton.  In  the  case  of  warning  messages, 
only  the  course  of  action  portion  of  the  display  can  lx>  cancelled  as  long  as  tlic  fault 
is  present.  The  fault  portion  will  remain  on  display  as  long  as  the  fault  exists. 

The  first  line  of  the  display  will  be  reserved  to  indicate  any  unremox'able  warning 
fault,  or  to  indicate  a caution  fault  that  occurs  while  another  caution  fault  and  course 
of  action  is  being  displayed. 

The  purpose  of  the  MEMORY  pushbutton  is  to  provide  display  of  fault  history 
information  in  chronological  order  of  occurrence.  This  particular  (Memory)  storage 
unit  will  be  nonvolatile  for  power  interruption  or  shutoff.  This  is  acliicvcd  by  use 
of  a small  rechargeable  battery.  Under  powered  conditions,  a trickle  charge  circuit 
keeps  the  battery  charged  up.  If  power  is  interrupted  or  shut  off,  the  battery  will 
hold  the  state  of  the  memory  storage.  At  the  beginning  of  a mission,  tlie  memory 
would  be  reset  by  simultaneously  depressing  both  the  CANCEL  and  MEMORY  push- 
buttons. This  would  clear  the  nonvolatile  memory  of  an>  old  information.  It  is 
believed  that  this  feature  will  Ije  very  helpful  for  debriefing  and  possibly  crash  in- 
vestigation purposes  because  it  provides  a record  of  fault  information.  The  layout 
of  the  MMD  front  face  is  shown  in  Figure  A- 1 of  the  MMD  Specification,  Appendix 
A. 


The  fault  category  priority  system  dictates  "uat  warnings  have  priority  over 
all  other  categories,  while  cautions  have  priorii.  cr  advisories.  I'he  MMD  as 
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proposed  does  not  contain  any  advisory  faults,  A warning  and  a caution  occurring 
simultaneously  results  in  the  automatic  display  of  the  warning  fault  and  course  of 
action.  The  caution  fault  would  be  stored.  Its  existence  is  indicated  by  the  MC. 

It  will  be  displayed  automatically  when  the  warning  message  is  cancelled,  A higher 
priority  fault  occurring  while  a fault  message  is  being  displayed  results  in  the 
automatic  cancellation  of  the  existing  display,  and  the  display  of  the  higher  priority 
message.  The  lower  priority  message  will  be  redisplayed  upon  cancellation  of  the 
higher  priority  message.  A fault  of  the  same  priority  occurring  while  a fault 
message  is  being  displayed  results  in  the  new  fault  being  added  to  the  existing  dis- 
play (in  the  reserved  top  line  of  the  display)  without  course  of  action  information, 
a MC  indication,  if  the  fault  is  a caution,  and  automatic  display  of  the  new  fault  and 
course  of  action  when  the  existing  display  is  cancelled.  A lower  priority  fault 
occurring  while  a fault  message  is  being  displayed  results  in  a MC  indieation  if  the 
new  fault  is  a caution,  and  automatic  display  of  the  new  fault  and  course  of  action 
when  the  existing  display  is  cancelled.  When  two  or  more  warning  or  cautionarv 
faults  in  the  same  fault  category  occur  simultaneously  a preview  listing  of  the  faults 
is  displayed  automatically  without  course  of  action  information.  Beneath  this  pre- 
view listing,  the  faults  with  course  of  action  information  are  displayed  in  page 
format.  Several  pages  are  used  if  necessary.  Each  page  is  available  on  a rotating 
basis  by  use  of  the  NEXT  PAGE  pushbutton,  until  the  message  is  cancelled  by  use 
of  the  CANCEL  pushbutton.  Typical  examples  of  the  various  displays  are  shown  in 
Figures  21  through  24. 

SUMMARY  OF  IMPLEMENTATION  PROBLEMS 
Installation 


A major  problem  of  implementing  an  MMD  in  the  F-1  1 is  finding  a location  that 
would  have  minimum  impact  on  the  F-14  cockpit.  In  Figure  27  the  AIDS  cockput  lay- 
out is  shown  with  the  MMD  located  to  the  right  of  the  Vertical  Situation  Display 
(VSD).  This  layout  is  applicable  to  a complete  AIDS  configured  aircraft.  This 
location  is  possible  because  the  space  occupied  by  the  various  AIDS  display  results 
from  the  deletion  of  most  of  the  presently  existing  cockpit  instruments.  The  five 
AIDS  displays  incorporate  all  of  the  information  displayed  on  the  deleted  instru- 
ments, This  study,  however,  deals  with  replacing  the  CAI  with  an  MMD.  After 
much  consideration,  it  appears  that  the  installation  having  least  impact  on  tlie  cock- 
pit, and  appears  to  be  the  only  practical  location  in  the  front  cockpit,  is  the  area 
presently  occupied  by  the  CAL  The  MMD  width  would  be  fixed  by  the  mounting 
rails  in  the  cockpit.  Depth  is  also  restricted  to  about  7 inches.  Considering  these 
constraints,  an  MMD  design  is  proposed  that  requires  the  movement  of  only  tln-ee 
panels,  adjacent  to  the  CAI,  approximately  4 inches  toward  the  rear,  to  provide 
mounting  space  for  the  MMD  unit.  Figure  39  shows  the  required  modification,  and 
Figure  40  shows  the  Display  Unit  installed.  Figure  41  shows  the  tentative  location 
of  the  Electronic  Unit  of  the  MMD  in  the  circled  area,  aljove  the  box  numbered  9.22. 
The  estimated  size  of  the  Electronics  Unit  is  I x 7 x 9 inches,  while  the  weight, 
exclusive  of  cables  is  estimated  to  be  lo  pounds. 
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Figure  40.  Pilot’s  Right  Side  Console  With  MMD 
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Figure  41.  Inboard  Profile,  LH  Side 
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Finding  a location  for  an  MMD  in  the  rear  cockpit  is  yet  unresolved.  The 
Caution  Advisory  Indicator  in  the  rear  cockpit  is  considerably  smaller  than  the  one 
in  the  front  cockpit.  Therefore,  its  removal  leaves  very  little  space  to  work  with 
in  the  way  of  locating  the  MMD.  Also,  on  either  the  left  or  right  side  console  there 
is  not  sufficient  unused  space  to  mount  an  MMD.  Creation  of  the  required  space  in 
either  console  would  involve  moving  several  panels  from  one  side  to  the  other.  Be- 
cause of  this  problem,  the  following  possible  solutions  exist  for  resolving  the  MMD 
problem  in  the  NFO's  cockpit: 

• Use  of  the  Tactical  Information  Display  (TID),  or  ECM  Display  to  display 
MMD  information  in  the  rear  cockpit.  The  main  disadvantage  to  this 
approach  is  that  it  would  require  redesign  of  whichever  of  these  displays 
is  used.  Such  a redesign  is  undesirable  due  to  development  cost  and  is 
not  recommended. 

• Make  the  necessary  moves  on  existing  equipment  as  required  to  provide 
sufficient  space  to  mount  the  MMD  in  the  NFO's  left  or  right  side  console. 

The  disadvantage  of  this  approach  is  that  complex  aircraft  wiring  changes 
would  be  required  to  keep  associated  equipment  together.  Considerable 
cost  would  be  incurred  in  pursuing  this  approach. 

• Incorporate  the  display  functions  of  the  Digital  Data  Indicator  (DDI)  into 
the  NFO's  MMD.  The  DDI  would  then  be  eliminated  in  the  outboard  right 
side  console.  The  ECM  Display  Control  Panel  would  be  moved  from  the 
inboard  right  side  console  to  the  space  formerly  occupied  by  the  DDI.  The 
space  vacated  by  the  ECM  Display  Control  Panel  would  be  enlarged  by 
moving  the  remaining  three  pieces  of  equipment  in  the  inboard  right  side 
console  approximately  six  inches  toward  the  rear  of  the  console.  This 
would  provide  sufficient  space  in  the  inboard  right  side  console  for  mount- 
ing the  MMD.  This  disadvantages  of  this  approach  follow: 

a.  Display  requirements  for  the  MMD  and  the  DDI  are  such  that  the  CRT 
display  would  have  to  be  partitioned  to  accommodate  both  displays. 

This  could  be  accomplished  but  would  require  more  sophisticated  soft- 
ware and  circuitry.  In  addition,  the  display  capability  would  be  re- 
duced for  the  MMD,  resulting  in  messages  averaging  more  pages  per 
message. 

b.  The  DDI  essentially  provides  mission-oriented  information  for  the 
NFO.  The  nine  data  link  carrier  landing  related  messages  appearing 
on  the  DDI  are  repeated  for  the  pilot  on  legends  that  are  located  on  the 
pilot's  Vertical  Display  Indicator.  The  disadvantage  here  is  that  cii'- 
cuits  and  associated  software  will  have  to  be  incorporated  in  the  pilot's 
MMD  to  provide  for  these  data  link  messages. 

• Leave  the  NFO's  cockpit  as  is.  This  would  mean  that  an  MMD  would  not  be 
installed  in  the  rear  cockpit.  The  NFO  would  use  the  existing  fault  indications. 
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This  approach  would  permit  development  and  flight  evaluation  of  an  MMD 
(pilot's  cockpit)  with  the  least  expense  and  impact  to  the  F-14  Program  and 
is  the  recommended  approach. 

Multiplex  vs  Discrete  Wiring 

Due  to  the  number  of  input  signals  involved  («=(i0),  the  advantages  of  the  use  of 
multiplex  techniques,  as  opposed  to  the  present  discrete  wiring  as  a means  of  getting 
the  various  input  signal  information  to  the  MMD,  was  considered.  Multiplexing  in- 
volves linking  all  of  the  fault  sensors  in  the  aircraft  to  a data  bus  by  means  of  Stan- 
dard Interface  Units  (SIU's).  These  would  perform  sensor  address  detection  from 
the  address  word  on  the  data  bus,  sampling  of  the  addressed  sensor,  and  placement 
of  information  on  the  data  bus  in  digital  format,  for  use  by  the  MMD  microcomputer. 
Figure  42  is  a diagram  of  the  Standard  Interface  Unit.  The  SIU's  would  Ije  located 
as  near  as  practical  to  the  sensors  to  reduce  the  amount  of  discrete  wiring  to  a 
minimum.  The  MMD  microcomputer  would  then  program  the  sampling  of  each  sensor 
in  sequence,  and  store  the  status  information  in  memory.  When  a fault  is  deU^cted, 
the  microcomputer  would  initiate  the  required  display.  In  this  manner,  the  status 
of  each  input  is  repeatedly  sampled  and  the  memory  updated.  The  number  of  wires 
entering  the  cockpit  for  use  by  the  MMD  is  reduced  to  those  required  for  the  data 
bus,  the  control  sigTials  and  power  for  the  MMD.  In  this  case,  multiplexing  as 
opposed  to  discrete  wiring,  results  in  a wiring  reduction  of  approximately  90'{. 

Undoubtedly,  if  we  were  designing  a new  aircraft  with  an  IVIIMD,  multiplexing 
would  be  the  best  approach.  This  would  greatly  simplify  MMD  design  because  in 
addition  to  the  interface  wiring  reduction,  all  incoming  information  would  be  in  the 
same  (digital)  format.  In  the  case  of  the  F-14,  the  aircraft  is  already  designed  and 
built.  The  advantage  of  reducing  the  number  of  wires  entering  the  cockpit  is  offset 
by  the  fact  that  these  wires  are  already  there.  The  advantage  of  interface  simplicity 
as  a result  of  having  the  same  format  for  all  incoming  data  is  also  offset  liy  the  need 
to  link  the  various  sensors  to  a data  bus  through  SIU's.  At  this  stage,  such  a change 
would  have  a major  impact  on  the  aircraft  wiring,  equipment  lines,  drawings,  and 
maintenance  and  technical  manuals.  In  addition,  there  would  be  a question  of  de- 
creased overall  reliability  because  of  the  rework,  and  probably  some  degree  of 
additional  qualification  testing  would  be  required.  Such  an  approach  would  seem 
impractical  for  an  MMD  evaluation  project.  However,  for  new  aircraft  designs, 
or  for  production  major  modification  efforts,  multiplexing  would  offer  many  advan- 
tages. 

Threat  (DECM)  Indication 

Present  production  F-14's  have  the  following  DKCM  warning  indication  for  the 

pilot: 

SA  TRK 
A1 

Al/AAA 

SAM 
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Because  these  are  dedicatt'd  warning  indications,  Grumman  recommends  they  be 
retained  along  with  the  other  dedicated  warning  indications.  These  are  indications 
of  the  existence  of  various  types  of  threats.  These  indications  arc  crucial  and 
being  warnings,  are  located  within  the  pilot's  30°  cone  of  vision,  providing  heads-up 
indication.  In  some  cases  there  is  an  accompanying  aural  signal.  These  indications 
could  be  displayed  on  the  MMD  without  any  difficulU  . However,  at  the  time  when 
these  indications  are  likely  to  occur,  an  additional  (redundant)  warning  indication 
on  the  MMD  would  be  counter  - productive  because  it  would  increase  the  work  load 
for  the  pilot  during  a very  critical  part  of  a mission.  The  need  for  displaying  a 
course  of  action  for  these  indications  is  also  of  questionable  value.  If  the  pilot  tioes 
not  know  what  to  do,  and  automatically  take  the  appropriate'  action,  he  is  in  serious 
trouble.  For  these  reasons  it  is  strongly  recommendeel  that  these  DKCM  indications 
not  be  displayed  on  the  MMD. 

Fault  Indications  Prior  to  Engine  Start 


Prior  to  engine  start,  the  following  fault  indications  exist  in  the  F-l  l;  1.  ^ U 
Generator,  L & R Fuel  Pressure,  Oil  Pressure,  Hydraulic  Pressure,  IMP,  Naviga- 
tion Computer,  Ladder,  Wing  Sweep  (advisor>),  and  Wing  Sweep  (warning).  'I'liesc 
indications  represent  normal  conditions  since  at  this  time  the  corresponding  s\ stems 
are  not  operating.  As  the  engine  start  sequence  progresses,  and  the  \arious  s\  slems 
become  operative,  these  apparent  fault  intlications  will  disappear.  For  the  proposcti 
MMD,  these  indications  include  a mix  of  caution,  and  warning  indications.  Tiiere- 
fore,  in  keeping  with  normal  operation,  the  warning  (W'ing  Sweep)  would  liave  prioritx 
and  accordingly  would  be  displayed  on  the  MMD  along  with  the  course  of  action.  The 
other  apparent  faults  would  not  be  displayed  until  the  warning  message  is  cancelled. 
Therefore,  until  the  warning  message  is  cancelled,  the  MMD  would  be  tied  up  with 
a meaningless  message.  This  problem  will  be  avoided  In  the  use  of  appropriate 
gating  to  preclude  the  MMD  sensing  the  no  go  conditions  on  these  lines  as  faults. 

When  the  no  go  condition  should  be  gone,  the  inputs  will  be  reactivated.  For  exam- 
ple, the  ladder  input  signal  will  Ije  gated  with  an  external  power  discrete.  B\  tlie 
time  e.xternal  power  is  removed,  tlie  ladder  should  l^e  in  the  stowed  position.  If  it 
is  not,  the  proper  fault  indication  "ladder  unlatched"  will  be  indicated  on  the  MMD. 

An  "engine  running"  discri'te  '\  ill  be  generated  from  each  engine  tachomelei- 
generator  for  509(  rpm.  These  disci-etes  will  then  be  used  to  gate  tlie  following  in- 
put signals: 

• I.  & R Generator 

• L & R Oil  Pressure 

• 1.  & R Fuel  Pressure 

• FTight  and  Combined  Hydraulic  Pressure 

Using  this  type  of  gating  all  of  these  apparent  faults  wouM  lx-  inhil)ited  wlien  they 
should  not  be  indicated,  but  the  inhibitions  will  be  removed  in  time  to  allow  proper 
fault  indieation  when  the  engines  are  running  and  tlie  sy  stems  involved  arc'  operating. 
In  this  manner,  the  pilot  is  not  liothered  with  false  indications,  which  have  to  be 
yvatched  to  sec  if  they  go  away  at  the  riglit  time  as  is  tiie  case  with  tlie  present  CAI. 
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! ADDITIONAL  HARDWARE  REQUIREMENTS 

1 

The  existing  CAI  contains  several  circuits  used  primarily  for  purposes  external 
to  the  CAI.  These  include  a flasher  circuit,  dimming  circuits,  provisions  for  testing 
externally  located  indicators,  a pair  of  external  power  supplies,  and  certain  discrete 
circuits  which  drive  indicators  remotely  located  from  the  CAI.  The  purpose  of  each 
of  this  circuits  is  as  follows: 

1.  The  flasher  circuit  is  used  to  meet  the  flash  and  drive  requirements 
and  drive  for  the  MC  and  Wheels  warning  indicators. 

2.  The  dimming  circuit,  upon  receipt  of  a discrete  signal,  reduces  the  output 
voltage  of  the  circuits  that  drive  external  indicators.  This  is  required  to 
meet  indicator  maximum  brightness  requirements  during  dim  conditions. 

3.  The  test  provisions  essentially  cause  the  test  input  of  each  CAI  discrete 
circuit  to  be  activated  whenever  an  active  test  signal  is  present  at  the 
interface.  This  results  in  all  indications  being  illuminated  at  the  same 
ttnie  while  the  test  signal  is  present. 

4.  The  two  external  drive  busses  each  have  a capability  of  1.  5 amp  (incandes- 
cent load)  and  are  used  throughout  the  cockpit  to  provide  dimmable  supplies 
for  various  indicators. 

In  addition,  the  CAI  contains  certain  discrete  circuits  that  operate  remotely 
j located  lamp  indicators.  These  are  Reduce  Speed,  Altitude  Low,  Auto  Throttle, 

A/P  Ref,  and  Wheels.  Altitude  Low,  however,  is  no  longer  used  and  Auto  Throttle 
is  now  implemented  without  interfacing  the  CAL  Therefore,  with  the  replacement 
of  the  CAI  in  the  pilots  cockpit  with  an  MMD,  the  above  mentioned  features  would 
have  to  be  added  someplace  in  the  aircraft.  The  recommended  approach  is  to  include 
these  in  the  MMD  Electronics  Unit.  Accordingly,  these  provisions  have  been  in- 
cluded in  the  MMD  power  estimate  of  500  watts, 

RECOMMENDATIONS 

In  conducting  this  study,  several  areas  have  been  uncovered  which  should  be 
investigated  further: 

1.  Conceptual.  (Requirements)  studies: 

a.  MMD/EMD-  This  would  investigate  the  feasibility  of  making  the 
MMD  and  the  Engine  Monitor  Displays  identical,  so  that  these  func- 
tions could  be  combined  into  a single  display,  or  the  functions  kept 
separate  should  one  of  these  dual  redundant  displays  fail.  The  in- 
vestigation would  determine  what  parameters  shoultl  be  displayed 
and  how,  as  well  as  processing  and  sizing. 

b.  V/STOL  - Determine  what  impact  y /S'l'OL  will  have  on  the  MMD, 
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c.  Advisories  of  HYCOS,  Engine  Fatigue,  and  Fuel  Management,  as 
added  capabilities  to  the  MMD.  Trade-off  against  alternative  con- 
figurations. 

d.  Display  of  Mission/Tactics  information,  inclutiing  degraded  modes. 

e.  Display  of  WR.'\/SRA  maintenance  information  using  information  from 
other  systems  internal  BITE. 

f.  Systems  level  preflight  checklist  and  postflight  maintenance  test 
instructions. 

g.  Use  of  similar  hardware  (MMD)  for  armament  display. 

2.  Man- Machine  Evaluation 

a.  Static/ Dynamic  simulation  including  flight  controls  ami  realistic  aii’- 
craft  responses. 

b.  AIDS  formats  in  V/STOI.  mode.  This  would  include  pilot  performance 
during  takeoff  and  lamling. 

c.  Cockpit  geometry  will  include  IIUD  Eicld-of-view,  exit  pupil  con- 
straints, etc. 

d.  Determination  of  required  update  rates. 

e.  Viewable  area  and  symbology  size  to  prevent  clutter. 

f.  Capacitance  tough-type  switches  should  be  evaluated. 

11.  Prototype  Development  - Develop  a prototype  of  proposed  MMD.  'I'lic 
development  cost  is  cstiinatcd  to  be  approximately  .S5D0K. 

4.  Flight  Test  - Evaluate  concept  in  an  F-14.  The  MMD  recommended  in 
this  report  has  many  advantages  over  the  existing  CAI,  and  is  lielicved  to 
represent  the  least  expensive  approach  to  the  development  and  flight 
evaluation  of  an  MMD. 

'I’he  evaluations  and  studies  listed  al)Ovc  are  very  valuable  t)ccause  lhe\  often 
uncover  unforeseen  problem  areas.  They  also  allow  the  Ix-st  solution  to  a given  ])rol>- 
1cm  to  i)C  determined  before  funds  are  committee'  to  design  and/or  liardwarc.  'I'hc 
'.now  bulge  gained  will  result  in  more  practical  designs,  elimination  of  costl>  rcdc- 
ik;n-.  an<l  as  a result,  provide  on  time  deliveries  at  minimum  cost. 


7H 


NADC-77076-30 


! 

j 

i 


hL 


Appendix  A 

MASTER  MONITOR  DISPLAY  SPECIFICATION  FOR  THE  F-14 

The  following  paragraphs  define  those  requirements  specific  to  the 
Master  Monitor  Display  (MMD)  and  together  with  the  Avionic  Boilerplate 
Specification,  F-14  A-BP-68-1K,  form  the  Design  Control  Specification 
for  the  MMD.  The  paragraphs  are  numbered  to  indicate  the  appropriate 
place  of  substitution  into  the  Avionic  Boilerplate  Specification  in  order 
to  form  the  Design  Control  Specification  for  the  MMD. 

1. 1 Scope  - This  specification  covers  the  design,  construction,  performance 
and  testing  for  the  Master  Monitor  Display  (MMD)  for  use  on  the  F-14 
Weapon  System. 

1.2  Title  Type  Designation  (AN) 

Display,  Master  Monitor  TBD 

2.1.2  Drawings 

GAC:  A51A  TBD 

Figures  A-1  through  A-3  are  intended  to  indicate  the  tentative  form  factor 
of  the  Display  Unit  of  the  DIMD.  An  electronics  unit  of  dimensions 
4x7x9  inches,  is  part  of  the  MMD  but  will  be  located  remotely  from  the 
display  unit  in  the  airci-aft. 
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Figure  A-1  MMD  Front  Face 
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MMD  SPECIFICATION 

3.4  Performance.  Unless  otherwise  specified,  values  set  forth  to  establish 

the  requirements  for  satisfactory  performance  apply  to  performance 
under  both  standard  and  environmental  service  conditions.  When  re- 
duced performance  under  the  environmental  conditions  is  acceptable, 
tolerances  or  values  setting  forth  acceptable  variations  from  the  per- 
formance under  the  standard  conditions  will  be  specified. 

3.4.1  Master  Monitor  Display.  The  Master  Monitor  Display  (MMD)  shall  per- 

form the  following  under  the  conditions  specified. 

NOTE:  The  Master  Caution  (MC)  light  referred  to  in  the  steps 

which  follow  shall  be  located  on  the  Master  Caution 
Assembly  which  is  independent  of  the  MMD  and  shall 
contain  a reset  switch  which  when  depressed  by  the 
pilot  shall  cause  the  master  caution  line  to  be  de- 
energized. 

3.  5 Detail  Requirements 

3,  5. 1 Modes  of  Operation 

3.  5. 1. 1 Normal  - Automatic  display  of  fault  and  course  of  action  for  faults  of 
the  warning  or  caution  categories. 

(1)  Detection  of  a fault  condition  on  a warning  input  shall  cause  the 
following: 

(a)  Display  on  the  MMD  of  the  warning  fault  and  the  prescribed 
course  of  action  for  the  fault. 

(2)  Detection  of  a fault  condition  on  a caution  input  shall  cause  the 
following: 

(a)  Master  Caution  Indication 

(b)  Display  on  the  MMD  of  the  caution  fault  and  the  prescribed 
course  of  action  for  the  fault. 

(3)  The  fault  (Heading)  portion  of  the  display  shall  cancel  auto- 
matically when  the  fault  no  longer  exists.  The  course  of  action 
portion  will  be  cancelled  manually  by  use  of  the  cancel  push- 
button. 
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3.5. 1.2  Manual  Mode 

3.  5. 1.2. 1 Means  shall  be  provided  to  allow  manual  selection  of  the  following  dis- 
plays: 

• Complete  Systems  Status  indicating  total  status  on  a system  basis. 

(1)  Checks  ( 7)  shall  be  used  to  indicate  the  status  of  all  systems 
or  subsystems  which  contain  no  fault. 

(2)  Arrows  (♦-)  shall  be  used  to  indicate  the  status  of  all  systems 
or  subsystems  which  contain  at  least  one  fault. 

• Display  of  a selected  system  indicating  the  status  of  each  subsystem 
comprising  the  selected  system. 

• Display  of  all  faults  contained  in  a selected  system  with  the  respec- 
tive courses  of  action. 


• Display  of  fault  history  during  a mission.  This  storage  shall  be  non 
volatile  for  power  interruptions. 

3.5. 1.2.2  Systems  selection  shall  be  achieved  by  depression  of  the  appropriate 

keyboard  digits  to  match  the  desired  system  number.  (Ref:  Table  A-2) 

3.  5. 1-  2. 3 Means  shall  be  provided  to  cancel  a display  when  it  is  no  longer  desired. 
However,  in  the  event  of  warning  faults  only  the  course  of  action  portion 
can  be  cancelled.  Warning  faults  remain  as  long  as  the  fault  remains, 

3.  5. 1.2.4  Means  shall  be  provided  to  cause  the  display  of  the  next  page  of  mes- 
sages which,  due  to  length,  require  several  pages  for  display  of  the 
complete  message.  For  such  messages,  any  page  shall  be  selectable 
by  continued  depressions  of  the  next  page  pushbutton,  including  recy- 
cling back  to  page  one  after  last  page  of  text. 


3.5. 1.3  Test  Mode 


Means  shall  be  provided  to  self-test  the  MMD  upon  receipt  of  an  ex- 
ternal signal  as  follows: 

ON  (Test)  t28VT)C,  100  ma  max. 


OFF  (Not  Test)  Open  Circuit 

3.5. 1.4  Display  Priority 

3.  5. 1,1.1  Display  of  faults  of  the  warning  category  (highest  priority)  shall  have 
priority  over  all  other  fault  category  displays. 
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3.  5. 1.4.  Display  of  faults  of  the  caution  category  shall  have  priority  over  advi- 
sory fault  category  displays. 

3.  5. 1.4.3  In  event  of  display  conflict,  the  display  having  the  higher  priority  shall 
prevail.  The  other(s)  shall  be  displayed  automatically  when  the  higher 
priority  fault  display  is  cancelled. 

3.  5. 1.4.4  Automatic  displays  resulting  from  fault  detection  shall  prevail  in  any 
conflict  with  manually  selected  displays. 

3.  5. 1.4. 5 The  simultaneous  occurrence  of  two  or  more  faults  of  the  same  fault 
category,  shall  cause  a preview  summary  listing  of  these  faults  with- 
out course  of  action  information,  below  which,  each  fault  with  course  of 
action  information  shall  be  displayed  in  page  format  according  to  the 
provision  of  this  specification. 

3.  5. 1.4.  (5  A fault  of  the  same  priority  occurring  while  a fault  message  is  dis- 
played, shall  result  in  the  new  fault  being  added  to  the  display  in  the 
hrst  line  which  shall  be  reserved  for  this  purpose  and  for  the  display  of 
unremoved  warning  faults.  The  new  message  consisting  of  fault  and 
course  of  action  shall  be  displayed  automatically  when  the  existing  dis- 
play is  cancelled. 

3.5.2  MMD  Inputs 

3.  5.2. 1 The  MMD  input  signal  lines  listed  in  (c)  shall  indicate  either  of  two 
states  listed  in  (a)  and  (b)  below: 

(a)  Fault  (active  state)  - +28VDC,  10  ma  max  as  defined  by  MIL-STD- 
70-1,  Category  B. 


(b)  No  fault  (inactive  state)  - Open  Circuit 


(c)  Brakes  (W)* 

Bingo  (C' 

Bleed  Duct  (C) 
Canopv  (C) 

L (K)  Fire  (W) 

L (R)  Fuel  Low  (C) 

L (H)  Fuel  Press  (C) 
L (H)  Gen  (C) 

Oxy  I,ow  (C) 


Trans/Rect  (C) 
Wheels  (\V’) 

L (R)  Inlet  (C) 

Inlet  Ice  (C) 

Ladder  (C) 

Launch  Bar  (C) 

L (R)  Ramps  (C) 

L (R)  Nj  OVSP  (C) 

L (R)  Start  \ alve  iC') 


WSHLl)  HOT  (C) 

ARI  Fngaged  (C) 

Cabin  Press  (C) 

Fit  11yd  Press  (C) 

Comb  llyd  Press  (C) 

Asym  FL^'SL  Lock- 
out (C) 

L (R)  Oil  Hot  (C) 


■(IV)  signifies  warning,  (C)  signifies  caution 
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The  MMD  input  signal  lines  listed  in  (c)  shall  indicate  either  of  two 
states  listed  in  (a)  and  (b). 

(a)  No  Fault  (inactive  state):  Open  Circuit 

(b)  Fault  (active  state):  Ground  (A/C) 


(c)  ACLS/AP  (C)+ 
AHRS  (C) 

Auto  Throt  (C) 


Integ  Trim  (C)  L(R)  Oil  Press  (C) 
Nav  Comp  (C) 

NWS  Enga  (C) 


The  MMD  input  signal  lines  listed  in  (c)  shall  indicate  either  of  two 
states  as  defined  in  (a)  and  (b): 

(a)  No  fault  (inactive  state):  +4. 5 ± 0,  5 VDC 
Source  impedance:  Less  than  100  ohms 

(b)  Fault  ^active  state):  0,  0 (+0,  5,  -0.  0)  VDC 

Source  impedance:  can  vary  from  short  circuit  (zero  ohms)  to  an 
open  circuit. 


(c)  Auto  Pilot  (C)* 
A/P  Ref  (C) 
Roll  Stab  1 (C) 
Roll  Stab  2 (C) 


Pitch  Stab  1 (C)  Mach  Trim  (C) 
Pitch  Stab  2 (C)  Yaw  Stab  Op  (C) 

Rudder  Auth  (C)  Yaw  Stab  Out  (C) 

Spoilers  (C)  HZ  Tail  Auth  (C) 


The  MMD  input  signal  lines  listed  in  (c)  shall  indicate  either  of  two 
states  as  defined  in  (a)  and  (b): 

(a)  No  Fault  (inactive  state):  Saturated  Transistor  (less  than  0.4  VDC) 
10  ma  sink. 

(b)  Fault  (active  state):  Open  (cut-off  transistor)  25  microamp  nuix. 
leakage  current. 

(c)  CADC  (C)+ 

Glove  Vane  (C) 

Flaps  (C) 

' Reduce  Speed  (W) 
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3.  5.  2.  5 The  MMD  input  signal  lines  listed  in  (c)  shall  indicate  either  of  two 
states  as  defined  in  (a)  and  (b): 

(a)  No  fault  (inactive  state):  Ground  (A/C) 

(b)  Fault  (active  state):  Open  circuit 

(c)  IMU  (C) 

Wing  Sweep  (C) 

3.  5.2.  6 The  MMD  input  lines  listed  in  (c)  shall  indicate  either  of  two  states  as 
defined  in  (a)  and  (b)  for  two  separate  inputs: 

Input  1 

(a)  No  fault  (Inactive  state):  Saturated  transistor  to  ground  (less  than 
0.4  VDC) 

(b)  Fault  (active  state):  Open  (cut-off  transistor)  25  microamps  max 
leakage  current 

Input  2 

(a)  No  fault  (inactive  state):  A/C  ground  ) through 

I switch  contacts 

(b)  Fault  (active  state):  Open  ) 

(c)  Wing  Sweep  (W) 

3,  5. 2.  7 Additional  Input  Signals 

3.  5.2.7. 1 Dimming  - One  line:  An  external  signal  shall  be  supplied  to  define 
normal/dim  light  conditions  as  follows: 

(1)  Normal:  Open  Circuit 

(2)  Dim:  +28VDC,  100  ma  max  per  RHL-STD  704  Cat  B 

3.  5. 2.7.2  Test  - One  Line:  An  external  signal  shall  be  supplied  to  define  the 
on/off  Test  Mode  as  follows: 

ON  (Test):  f28VDC,  100  ma  max  per  ML-STD-704 , Cat  B 

OFF  (Not  Test):  Open  Circuit 

3.5. 2.7.3  Master  Caution  Reset  - One  Line:  An  external  signal  shall  be  supplied 
to  define  the  master  caution  reset  function  as  follows: 

Normal:  Open  Circuit 

Reset:  A/C  Ground,  10  ma  max 
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3. 5.2. 7. 4 


3.5.3 


3.  5.3. 1 


3.  5.3.2 


3. 5.3.3 


3. 5.3.4 

3. 5.3. 5 


3.  5.3.  5. 1 


3. 5.3. 6 


3. 5.3. 7 


Input  Source  Fault  Isolation  - Loss  of  any  electrical  signal  due  to  an 
open  or  short  to  ground  on  an  input  shall  not  cause  any  component,  as- 
sembly, or  subassembly  to  fail,  or  cause  a degradation  in  the  perfor- 
mance regardless  of  the  mode  or  length  of  time  that  the  input  signal  is 
missing  from  the  display  equipment.  Input  signals  directly  derived  from 
a power  source  shall  be  protected  from  damage  due  to  transients  present 
on  the  power  source. 

MMD  Outputs 


MMD  Outputs  are  defined  in  Table  I and  shall  be  displayed  according 
to  the  provisions  of  Sections  3.4  and  3.  5 of  this  specification.  Display 
shall  show  fault  and  the  prescribed  course  of  action  in  page  format.  In 
event  several  pages  are  required  to  complete  the  message,  this  shall 
be  indicated  by  use  of  the  caption  "Cont'd  Next  Page"  at  the  bottom  of 
each  page  as  appropriate.  Each  page  of  a message  shall  indicate  the 
fault  portion  of  the  message  within  the  requirements  of  Para.  3.  5.  1. 1(3), 

Display  Characteristics 


Visibility,  legibility,  character  size  and  spacing,  and  line  spacing  shall 
conform' to  ML-STD-1472B. 

Switching  Time  - The  switching  time  shall  be  no  greater  than  750  milli- 
seconds to  switch  to  (or  from)  one  stabilized  mode  to  another  after  a 
discrete  switching  signal  is  received. 

Brightness  Control  - A manual  brightness  control  shall  be  provided. 

C\V  rotation  shall  provide  increased  brightness. 

Display  Operation  Under  Power  Transients  - The  display  equipment 
shall  automatically  return  to  full  operation  as  specified  herein  within 
1.0  second  after  complete  loss  of  aircraft  power  for  up  to  50  msec, 
maximum. 

Display  Operation  Under  Power  Transients  - The  display  equipment  shall 
meet  the  requirements  of  this  specification  when  operating  within  the 
normal  electrical  system  transient  environment  caused  by  load  switeiiing, 
etc. 

Display  Noise  - No  noise  shall  appear  on  the  display  CH  I’  at  any  bright- 
ness or  contrast  level  when  the  input  Z axis  terminals  of  the  indicator 
are  bridged  by  the  normal  input  impedance  and  no  video  signals  are 
applied. 

Protection  Circuits  - 'I’he  CR  T shall  be  protected  from  burn  spots  due 
to  loss  of  sweeps  or  loss  of  critical  power  supply  voltages.  Secondary 
failure  of  the  phosphor  shall  be  prevented  when  any  other  primary  cir- 
cuit failure  occurs.  Special  phosphor  protect  circuitry  shall  be  in- 
corporated in  the  equipment  to  prevent  excessive  pho.sphor  element 
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dwell  time  which  would  cause  phosphor  burn.  The  High  Voltage  Power 
Supply  shall  be  protected  against  transient  arc  over  at  the  CRT. 

3.  5.3.  8 CRT  Controls  - There  shall  be  no  need  for  any  remote  CRT  controls 
accessible  to  the  display  operator  during  normal  operations  except 
brightness. 

3.  5.3.9  Alignment s/Adjustments  - The  equipment  shall  meet  the  requirements 
with  the  replacement  of  any  assembly/ subassembly  without  alignments/ 
adjustments  except  those  display  controls  defined  in  this  specification. 

3.5.3.10  Subassembly  Failure  Modes  - No  subassembly  of  this  MMD  shall  cause  a 
secondary  failure  of  another  subassembly  of  this  system  in  the  event  of 
its  failure.  CRT  arcing,  while  a normal  operational  condition,  shall 
not  cause  secondary  failures  of  assemblies  or  subassemblies  nor  shall 
the  arc  cause  transients  to  be  propogated  beyond  the  CRT  subassembly. 
Normal  operation  shall  resume  automatically  with  no  loss  in  equipment 
reliability  upon  cessation  of  the  arc. 

3-  5.3. 11  Display  Size  - Each  indicator  shall  provide  a CRT  display  with  a usable 
viewing  area  of  4 inches  by  5 inches  ±10'?. 

3.  5. 3. 12  Brightness  - Display  brightness  shall  be  continuously  variable,  by  use 
of  the  manual  brightness  control,  from  maximum  CRT  brightness  to 
barely  perceptible  under  complete  ambient  black-out  conditions.  The 
indicator  (with  the  day  filter  installed)  shall  produce  a display  of  such 
brightness  that  all  symbols  will  be  easily  discernible  under  a natural 
daylight  ambient  illumination  of  12,000  ft-  Lamberts  without  the  aid  of 
hood  or  shade.  All  brightness/contrast  readings  shall  be  measured  with 
a standard  spot  photometer  with  the  display  being  operated  in  the  normal 
scan  rates  and  size  as  specified  herein.  Phosphor  type  and  color  shall 
be  approved  by  the  Contracting  Agency. 

3.  5.  3. 13  Cathode  Ray  Tube  - Cathode  ray  tube  (s)  (CRTs)  used  as  components  of 
the  display  unit  shall  be  high- intensity /high  resolution  CRTs  with  the 
following  characteristics: 


(a)  Phosphor  - the  phosphor  shall  be  chosen  on  the  basis  of  optimum 
clarity  and  contrast  for  the  projected  display.  In  choosing  the 
phosphor,  consideration  should  be  given  to  spectral  distribution  of 
the  fluorescence  and  phosphorescence,  persistence,  background  and 
image  brightness,  and  sensitivity  of  the  phosphor  to  burn  at  operat- 
ing voltage  and  operating  cycle  time.  Selection  shall  be  such  as  to 
meet  all  brightness,  contrast  and  resolution  requirements  specified 
herein  as  well  as  the  spectral  requirements  of  both  day  and  night 
filters. 

(b)  Persistence  - Tube  persistence  shall  be  such  that  neither  stickiness 
or  flicker  of  the  display  shall  be  perceptible  to  a normal  human  eye 
directly  or  under  peripheral  vision  at  conditions  of  bright  daylight 
or  night  ambient  illumination. 
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3,  5,3 

3.  5.4 

3.5,4. 


(c)  Burn  Spots  - Criteria  for  CRT  bum  spots  shall  be  as  follows: 

(1)  Browning  of  Phosphor  - If  tube  passes  light  output  require- 
ments  of  the  Acceptance  Test  procedures  at  the  four  points 
deemed  most  browned  by  the  display  of  fixed  symbolog\’  or 
age,  it  is  acceptable. 

(2)  If  the  tube  has  the  following  quantity  of  burn  spots,  or  less,  it 
is  acceptable;  (burn  ideally  should  be  measured  with  tube  off). 

(a)  Five  (5)  or  less  non-elongated  spots  on  the  CRT  which  are 
between  0.  010  and  0.  015  inches  in  diameter  with  greater 
than  0.25  inch  separation  will  be  acceptable, 

Non-elongated  spots/elongated  spots  (lines)  whose  diam- 
eters/widths are  less  than  0,  010  inches  on  the  CIM'  are 
acceptable  (no  limit  on  quantity). 

(b)  Elongated  burn  spots/lines  which  are  less  than  0.  010  inches 
wide  on  the  CRT  are  acceptable  (no  limit  on  quantity). 

(c)  Elongated  burn  spots/lines  up  to  0.  015  inches  wide,  and  a 
maximum  of  0.250  inches  long  are  acceptable  providing 
that  there  are  no  more  than  (1)  on  the  CRT. 

, (d)  Elongated  burn  spots/lines  greater  than  0,  015  inches  wide 

and  0.250  inches  long  are  not  acceptable. 

(d)  Magnetic  Shielding  - A suitable  MU-metal  or  equivalent  magnetic 
shield  should  be  installed  around  each  CRT  to  prevent  deflection  of 
the  electron  beam  due  to  magnetic  fields  caused  by  the  Earth's 
magnetic  effect  or  by  other  electrical  equipment  in  the  aircraft. 

14  A suitable  filter  (day  filter)  shall  be  incorporated  over  the  CRT  face  to 

enhance  the  contrast  ratio  and  permit  readability  under  conditions  of  high 
ambient  lighting. 

Physical  Requirements 

1 Overall  dimensions  shall  not  exceed: 


Display  Unit 

Length 

10  inches 

Width 

5 3/4  inches 

Depth 

8 inches 

Weight 

TBD  (Max  at  this  t'me  appears  to  be  12  lbs) 
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Electronics  Unit 

Length  9 inches 

Width  7 inches 

Depth  4 inches 

Weight  10  pounds  max 

Total  power  for  both  units  will  be  approximately  300  watts. 
(Tables  A-1  and  A-2  follow  and  form  part  of  this  Specification) 


i 
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TABLE  A-1  MMD  INPUTS  VS  OUTPUTS  ICONTX) 
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/ MMD 
/ Outputs 

Remote  Warning  Indication 
Master  Caution 
ACLS/AP  Disengaged 

1.  Take  Control  Land  Manually 
AHRS/Compass  Controller  Failure 

1.  Use  INS  IMU 

2.  Avoid  IFR  Fit  if  INS-IMU  not  Avail. 

Auto  Pilot  Failure 

1.  Check  A/P  Mode  Failure 
2 Recycle  A/P  Engage 
Auto  Throttle  Disengaged 

1.  Assume  Manual/Boost  Control 

2.  Satisfy  APC  Interlocks 

3.  Reengage  APC  Auto 
Brakes 

1 . Anti  Skid  Off 

2.  Caution  Modulate  Brakes 

3.  Release  Emergency  Brake 
A/P  Ref  Not  Engaged 

1.  Depress  Ref  Engage  Button 
Bingo 

1 . Fuel  Remaining  is  Reqd  to  Return  to  Base 
Bleed  Duct 

1 . Air  Source  Off 

2.  Ram  Air  Increase  « 300  K IAS/0.8  IMNI 

3.  Land  ASAP 
CADC  Failure 

1.  Master  Reset  Depress  - If  Fault  Remains 

2.  Remain  Below  1.5  IMN 
Canopy  Unlocked 

1.  Canopy  Handle-Boost  Close 

2.  Visors/Seats-Down 

3.  Stay  Below  200  KIAS/15,000  Ft 

4.  Land  ASAP 
L(RI  Fire 

1.  Throttle  Affected  Engine  Idle 
2 Air  Source  Off 

3.  If  Fault  Goes  Away  Check  Fire  Det  Sys 
If  Fault  Remains  or  Fails  Fire  Det  Test: 

4.  Throttle  Affected  Engine  Off 

5.  Fuel  Shutoff  Affected  Engine/Pull 

6.  Land  ASAP 

7.  If  Fire  Persists  Eject 


92 


NADC-77076-30 


TABLE  A 1 MMD  INPUTS  VS  OUTPUTS  (CONT'D) 
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MMD  Inputs 
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MMD 

Outputs 


Remote  Warning  Indication 
Master  Caution 
L(R)  Fuel  Low 

1 . Dump  Switch-off 

2.  Fuel  Distribution  Check  Balance 
IfWing/Ext  Fuel  Remains; 

3.  Wing/Ext  Trans  Switch  Onde 
L (R)  Fuel  Press. 

1.  No  A/B  Above  15,000  Ft  on  Affected  Engine 

2.  Fuel  Distribution  Monitor /Balance 

3.  Land  ASAP 

If  BothL&R  Faults  Occur 

1 Descend  to  < 25,000  Ft 

2.  Maintain  Cruise  Power  or  Less 

3.  Land  ASAP 

L (R)  Qen  Off  Line 

1.  Affected  Gen  Off/Roset,  Then  Norm 
If  Fault  Remains: 

2.  Affected  Gen  Test 

Fault  Goes  Away  Dislr  Sys  Problem 
Fault  Remains  IDG/GCU  Problem 
If  Both  L&R  Gen  Faults  Occur 

1 . Generators  Cycle 

If  Temp  Loss  of  Comb  Press.  Causes 
Emerg  Gen  to  Drop  Buss  2 

2 Emerg  Gen  Cycle 

3.  Land  ASAP 
Glove  Vane 

1 Check  Flyd  Pressure 

2.  Maneuver  Devices  Retract 

3.  Master  Reset  Depress 
Oxygen  Low 

1.  Cabin  Alt  < 10,000  Ft 

2.  Mask  Off 

3.  Oxy  Switch  Off 

4.  Oxy  and  Mask  on  For  Landing 
HZ  Tail  Auth 

1.  Master  Reset  Depress  (10  Sec) 

2.  ■ 400  KIAS,  Restrict  Lateral  Control  to  V*  Throw 

3.  No  Oversweep  on  Deck 
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TABLE  A-1  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 
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Outputs 


X X 

X X X X X X X 


X X X X 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Reduce  Speed 

1 Difcelto-  280  K IAS 

2 Check  Flap  Handle  0 

3 MdSlei  Reset  Deptess  Then  Repeat  Cnul 
Roll/Pitch  Stab  1 or  2 Failure 

1 Cycle  Appiopn.jte  Stdh  Aug  Sw 
No  Con  Action  til  Limitations 
If  Both  7 & 2 Roll/Pitch  Stab.  Faults  Occur 

1 Aiisfieed  Decei  to  Stat)  Limits 
Pitch  Not  Resti icted 
Roll  0 93  IMN 

2 Wait  10  Sec  for  Sell  Test 

3 H«*check  Faults 
It  One  Fault  (1  oi  2)  Goes  Away  Preset  St.it)  Aug  No  Lrriuls 
If  Both  f aulls  (1  8i  2)  Remain, 

1 Leave  Stat)  Aug  Oft 

2 Stay  Below  Stat)  Limits 
Warning  Do  Not  EnqageACLSoi  DLC 

Rudder  Auth 

1 ReLluce  Aitst)eed  Use  Caution  m Ruddei  Deflection 
Whih?  at  High  Airspeed 

2 Master  Reset  Depress  10  Sec 

3 ft  Fault  Remains,  Limit  Rudtier  Af)ov<r  250  KIAS  to  • 

4 Landing  Possible  Limittrd  Ruddei  8i  NWS 

Spoilers 

1 Neutiah/e  Laleidl  Control 

2.  Master  Reset  Deptess 
If  Fault  Remains 

3 Avoide  Al)rupt  Lateral  Control  & High  Roll  Rates 
Warning  With  Wings  Foiwaid  of  57  . Excessive  Hon/ 

Tail  Ddfrrrrmlial  May  Cause  Sr'vere  Stujcluial  Damark' 
Trans/Rect  Failure 

No  Ciew  Action 

Wheels  Not  Down 
Lower  Laniting  Geai 
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TABLE  A 1 MMD  INPUTS  VS  OUTPUTS  (CONT'D) 
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X X 


X X X X X X 
X 

X X 


MMD 

Outputs 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Inleg  Trim  Failure  Use  Manual  Trim 
L IRI  Inlet  &/or  L(R)  Ramp 

1 D^cei  to  ' 0 9 IMN 

2 Avoid  Abiupt  Throttle  Movements 

3 Stow  Affected  Rjnip 

I 4 Inlet  Ramp  Auto 

It  Ramp  Fault  Remains 
j 5 Cfieck  fo'  Hyd  Failure 

I Note  Ramp  Blow  Back  .s  Enhanced  by  Mil 
' Power  at  200  KIAS  (Ramp  1 1 & by  Idle 

at  0 85  IMN  (Ranip  3l  W>th  Inlet  Switch 
in  Auto 

I 6 Thiottle  (Bad  Eiujinel  80  or  Less 

7 Laml  ASAP 

! If  ATTEMPTING  AlCS  RESET  (Inlet  Fault  Onlyl 

8 D.'cel  to  ■ 0 5fMN 

9 Af  lecied  Ramp  Stow 

' U)  Atteci. Ml  AlCS  CB  Cycle  (LF2  or  LG2I 
W.iinitu}  If  Cdulion  Winy  Sweep  Fault  is 
j Present,  Cyrlrrrq  R/qhf  AlCS  CB  May  Cdusr 
V\'inqs  to  Sweep 
i 1 1 Inlet  Ranrp  Auto 

I 12  If  Inlet  Fault  Remains,  Stay  0 9 IMN 

1 Inlet  Ice 

1 Aitt  I Ice  Switch  Or  tde 
j 2 Wh.-n  Cli'ai  of  Icmy  Cond,  Select  Auto 
Ladder  Unlatched 
' 1 Airspeed  Minimum 

, 2 Aiihoine  Visible  Inspection  il  Firasihle 

j 3 Land  ASAP 

. Launch  Bai 

On  Cju)und  lake  Appi  opi  late  Act’on 
I In  Flight  Do  Not  Retract  LatHhng  Geat 
I 1 .111(1  ASAP 
I Mach  Trim 

1 Mdstei  Reset  Orqiri’ss 

2 Use  Manual  T i im 
Nav  Computer  Failure 

I Switch  to  IMU  (NF  ()| 

NWS  Engaged 

II  NWS  IS  Not  Dr’sned,  Depress  Hutton 
on  Stick  Chip  to  Diseiutage  NWS 


on  SticI 
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TABLE  A-1  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


X X X X X 
X 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Windshield  Hot 

1 . Wshld  Switch  - Off 

2.  Air  Source  ■ Off  (Below  35,000  Ft) 

If  Fault  Remains  After  Air  Source  is  Off, 
Indication  is  Faulty.  Turn  ECS  on  & 

Land  ASAP 

3.  Ram  Air  - INCR  « 300  KIAS/0.8  IMN) 

4.  Land  ASAP 
Yaw  Stab.  OP 

1 . Master  Reset  ■ Depress 

2.  If  Fault  Remains,  Stay  Below  0.93  IMN 
YAW  STAB.  OUT 

1 . Yaw  Stab.  ■ Off 

2.  Master  Reset  - Depress 

If  Fault  Goes  Away  - Reengage  Yaw  Stab. 
If  Fault  Remains  - Stay  Below  0.93  IMN 
IMU  Failed  (NFO) 

1.  Switch  to  AHRS 
Cabin  Press.  (NFO) 

1.  Oxy  Mask  - ON 

2.  Cycle  Press.  Switch 
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TABLE  A-1  MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


Remote  Warning  Indication 
Master  Caution 
Fit  Hyd  Press  Low 

If  Approx  2100  PSI 
1 . Wing  Sweep  — 20^^ 

2 Right  Ramp  ('  0.9  IMN)  Stow 

3.  Emerg  Fit  Hyd  High  (Just  Prior  to  Dirty  Up) 

Equip  Inop  Normal  Hook  Restored  by  WOW 

4.  Land  ASAP 

Note:  Arrested  Landing  Requires  Emerg  Hook  Ext 
H Approx  0 PSI 

1 Bi  Direct  Pump  OFF 
2-  Wing  Sweep  20' 

3.  Emerg  Fit  Hyd  Sw  High  (Just  Prior  to  Dirty  Up) 

4 Equip  Inop:  R Glove  Vane,  ACLS.  R AlCS,  and  Norm  Hook 
(Restored  by  WOW) 

5.  Land  ASAP 

NOTE;  Arrested  Ldg  Requires  Emerg  Hook  Ext 
Comb  Hyd  Press.  Low 
If  Approx  2100  PSI 

1.  Hyd  Isol  Fit 

NOTE ; Monitor  Aux  Brks  Gage,  Tap  Wheel  Brake  to  Seat  Priority 
Valve  if  Press,  is  Decreasing 
2-  Wing  Sweep  20’ 

3.  Left  Ramp  « 0 9 IMN)  Stow 

4 Equipt  Inop  None 

5 Emerg  Fit  Hyd  High  (Just  Prior  to  Dirty  Up) 

6.  Land  ASAP 
If  Approx  0 PSI 

1 Bi  Direct  Pump  Off 

2.  Wing  Sw  20^ 

3 Equip  Inop:  L AlCS,  L Glove  Vane.  Emerg  Gen,  Aux  Flaps. 

Inlxf  Spoilers.  NWS,  Gun  Drive.  DLC,  Spd  Brks,  Norm  Hook, 

Hook  Extend*,  Flaps/Slats".  Ldg  Gear*.  Wheel  Brakes",  Refuel  Probe* 
Emerg  Actuation  Available 

4.  Emerg  Fit  Hyd  High  (Just  Prior  to  Dirty  Up) 

5 Wheels  • Emerg  DN 

6.  Flaps/Slats  DN  (No  Aux  Flap) 

7 Hook  Emerg  DN 

8.  Brake  Hand  Pump  Check 

9 Anti  Skid/Spoller  Bk  Spoiler  Bk  (Off  for  CVA) 

10.  Arrest  Land  ASAP 
After  Larxfing; 

11  Engines  Off 
I Stay  in  Arresting  Gear 
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TABLE  A 1 MMD  INPUTS  VS  OUTPUTS  tCONT'D) 


MMD 

5“  1^  Inputs 


MMD 

Outputs 

Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Flap/Slat  Malfunction 

After  Raising  Handle  Flaps/Slats  Not  Indicating  Up 

1 . Remain  below  225  KIAS 

2.  Master  Reset  Depiess 

3.  Maneuver  Flap  Thumbwheel  Full  Forward 
If  Fault  Remains 

4.  FLAP  Handle-Emerg  Up 

After  Raising  Flap  Handle-Flaps/Slats  Indicate  Up 

1.  Remain  Below  225  KIAS 

2.  Master  Reset  Depress 

3.  Maneuver  Flap  Thumbwheel  Full  Forward 
If  Fault  Remains; 

4.  Flaps  Cycle 

If  Flaps  Respond: 

5.  Master  Reset  Depress 
If  Fault  Rernains- 

6.  Attempt  to  Sweep  Wings  to  25”  (Manual  Mode), 

It  Wings  Will  Not  Sweep  Aft  of  20,  Both  Aux  Flaps  are  not 
Retracted  & Limit  Switches  Are  Not  Made; 

7.  Remain  Below  0.7  IMN  (Maneuver  Flaps  & Auto  Retract 
May  be  Inoperative) 

If  Wings  Will  Sweep  Aft  of  20”; 

8.  Accelerate  to  300  KIAS. 

9.  Atternpt  Wing  Sweep  Aft  of  50”  (Manual  Mode). 

If  Wings  Will  Not  Sweep  Aft  of  50°,  Mam  Flaps  Are  Not  Fully 
Retracted; 

10.  FLAP  Handle  Emerg  Up 
1 1 Reattempt  to  Sweep  Wings  Aft  of  50 
If  Wings  Still  Will  Not  Sweep  Aft  of  50"^: 

12.  Remain  Below  0.8  IMN. 

Note 

If  wings  swrM’p  aft  of  50  , aircraft 
flight  envelope  is  unrestricted.  Man 
euver  flat>s  & auto  retract  may  be 
inoperative. 

After  Lowering  Flap  Hairdle  Flap/Slats  Not  Indicated  Down: 

1 F LAP  Handle  Emerg  Down 

After  Lowering  Flap  Handle  Flap/Slat  Indicating  Down 

1 Wing  Sweep  Check  at  20” 

(Allow  10  Sec  for  Auxiliary  Flatn  to  Extend) 

2 Master  Resrrt  Depress 
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TABLE  A 1 MMD  INPUTS  VS  OUTPUTS  (CONT'D) 


Remote  Warning  indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Flap/Slat  Malfunction 

If  Fault  Remains' 

3.  Noimal  Landing 
Note 

Flap  light  may  he  caused  by  failure  of 
auxiliary  flaps  to  extend,  increasing  approach 
speed  approximately  5 knots 
After  Using  Maneuvering  Devices 

1.  Master  Reset  Depress 

2.  Maneuvering  Flap  Thumb'wheel  FviU  Forward 
If  FLAP  Fault  Remains: 

3.  FLAP  Handle  Emetg  Up 
If  Flaps  Indicate  Up. 

4.  Wing  Sweep  Aft  of  50”  (manual  mode) 

If  Wings  Will  Not  Sweep  Aft  of  50 

5.  Remain  Below  0.8  IMN 

Note 

If  wings  wilt  sweep  aft  of  50' , aircraft  flight 
envelope  IS  unrestrictetl.  Maneuvei  flaps  and 
auto  retract  will  be  inoperative. 


ASYMMETRY  FLAP/SLAT  LOCKOUT 

Warning 

Asymmetric  flap  extension  can  produce  an  uncontrollable  rolling  moment 
The  following  procedures  defeat  the  designed  asymmetry  protection  and 
therefore  should  be  used  when  a shifTboard  landing  is  the  only  alternative 
and  flap  extension  is  required  to  remain  within  arresting  year  limits 
1 Airspeed  Maintain  Less  Than  225  K I AS 

2.  Maintain  Wings  Level  Flight 

3.  Aux  Flap  Flap  Contr  CB  NFO  PUII  (7G3I 

Warning 

Failure  to  pull  the  AUX  F LAP/F  LAP  CONTR  cb  before  completing  the 
following  steps  may  result  in  an  uncontrollable  pitch  trim  change  due 
to  auxiliary  flap  extension  or  retraction 

4.  Flap  Handle  Corresponding  to  Indicator 

Caution 

Placing  the  FLAP  handle  in  either  the  full  extertri  or  retract  position  may 
M*sult  m damage  because  the  overtravel  switch  will  be  disatrled 
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TABLE  A 1 MMD  INPUTS  VS  OUTPUTS  (CONT'D) 
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MMD 

Inputs 


MMD 

Outputs 


X X 


X X 


Remote  Warning  Indication 
Master  Caution 

MMD  Fault  & Course  of  Action 
Asymmetry  Flap/Slap  Lockout  (Cont'd) 

5.  Flap/Slat  Contr  Shutoff  CB  ■ Cycle  (RE2) 

6.  Slowly  Move  Flap  Handle  Toward  Desired  Position 

If  Flaps/Slats  Respond.  Nuisance  Lockout  Has  Been  Eliminated 

7.  Aux  Flap/Flap  Contr  CB  - NFO  Reset  (7G3) 

8.  Master  Reset  - Depress 

If  Flaps/Slats  Do  Not  Respond; 

7.  Reposition  Flap  Handle  to  Match  Indicator 

8.  Flap/Slat  Contr  Shutoff  CB  - Pull  fRE2) 

9.  Slowly  Move  Flap  Handle  Toward  Desired  Position 
If  Aircraft  Rolls: 

10.  Move  Flap/Slats  Back  to  Where  No  Rolling  Exists 
If  Aircraft  Does  Not  Roll ; 

10.  Stop  Flap/Slat  Travel  Before  Reaching  Full  Up  or  Full  Down 

Caution 

With  the  Flap/Slat  Contr  Shutoff  CB  Pulled. 

No  Overtravel  Protection  for  the  Flap/Slats  Exists 

1 1.  Flap/Slai  Contr  Shutoff  CB  ■ Reset  {RE2I 

12.  Land  Utilizing  15  Units  AOA 

Wing  Sweep 

1-  Master  Reset  Depress 
2.  If  Fault  Remains,  One  Channel  Has  Failed 
Wing  Sweep  - Both  Ch  Failed 
No  Auto/Man.  Control 
1 Airspeed  Decel  to  0.9  IMN 

2.  Check  Spider  Detent  Engaged 

3.  Master  Reset  Depress 

Wait  15  Sec  If  Warn  Indication  Remains 
4 Wing  Sweep  CB  (21  Pull  (Wg  Sw  Drive  No  1 & 2,  LE  1 . LE2) 
5.  Emerg  Wing  Sweep  Handle  Comply  With ; 


V 0.4  IMN 
-^0.7  IMN 
• 0.8  IMN 

V 0.9  IMN 
^0.9  IMN 


20’ 

25’ 

50" 

60" 

68^ 


Caution  Avoid  ACM  & Aerobatics 

Before  Ldg  Use  Flap  Overtravel  Position 
To  Insure  Flaps  Remain  Fully  Extended 
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TABLE  A 2 CATEGORIZATION  OF  FAULTS  BY  SYSTEM 


01 

Warning  Sys 

08 

Environ  Contr  Sys 

L (R)  Fire 

(W) 

Bleed  Duct 

(C) 

Wing  Sweep 

(W) 

Oxy  Low 

(C) 

Wheels 

(W) 

Cabin  Press 

(C) 

Reduce  Speed 

(W) 

09 

Fit  Contr  Sys 

Brakes 

(W) 

Rudder  Auth 

(C) 

02 

Fuel  Sys 

Spoilers 

(Cl 

L (R)  Fuel  Low 

(C) 

Auto  Pilot 

(Cl 

L (RO  Fuel  Press 

(C) 

Yaw  Stab  Op 

(Cl 

Bingo 

(C) 

Yaw  Stab.  Out 

(Cl 

03 

CADC  Sys 

Pitch  Stab  1 (21 

(Cl 

Roll  Stab  1 (2) 

(Cl 

CADC 

(C) 

Hz  Tail  Auth 

(Cl 

Flaps 

(C) 

Mach  Trim 

(C) 

Asym  FI/SI  Lockout 

(C) 

A/P  Ref 

(Cl 

Glove  Vane 

(C) 

ACLS/AP 

(Cl 

Wing  Sweep 

(C) 

10 

Airframe  Sys 

04 

Elect.  Power 

ir\ 

Ladder 

(Cl 

L (R)  Gen 

Launch  Bar 

(Cl 

Trans/Rect 

IW 

Canopy 

(Cl 

05 

Eng,  Instr. 

NWS  Engaged 

(Cl 

L (R)  N,  OVSP 

(C) 

11 

Nav  Sys 

L (R)  Strt  Valve 

(C) 

L (R)  Oil  Hot 

(C) 

Nav  Comp 

(Cl 

L (Rl  Oil  Press 

(C) 

AHRS 

(Cl 

IMU 

(Cl 

06 

AlCS  Sys 

12 

Misc  Sys 

L (Rl  Ramps 

(C) 

L (R)  Inlet 

(C) 

Infeg  Trim 

(Cl 

07 

Hyd  Sys 

Wshid  Hot 

(Cl 

Inlet  Ice 

(Cl 

Fit  Hyd  Press 

(C) 

Auto  Throt 

(Cl 

Comb  Hyd  Press 

(C) 
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dated  8-7-70. 

AVIONIC  BOILER  PLATE  ATi/  (*) 

DESIGN  CONTROL  SPECIFICATION  FOR 
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Superseding  F-14A-BP-68-1J, 


F-l4  WEAPON  SYSTEM 


Specifications  Engr  Sect  ion 


Cognizant  Engr  A.  Trabold  Support  Systems  Mgr 


Proj  Engr 


NAVPRO,  Bethpage  Engineering  Date 


Contract  No. 


B 


1 

1 

{;KI  MMAN  AKKO.SPACK  COKPOK  ATION 

i 

I 

Bethpage,  L.  1.,  N.  Y. 

i 

Code  Idem.  No.  26512 

SPECIFICATION 

No.  F-1UA-BP-68-1K 


1 SCOPE 
1.1 


AVIONIC  BOILER  PLATE  Mi/  {*) 
DESIGN  CONTROL  SPECIFICATION  FOR 
F-l4  WEAPON  SYSTEM 

Scope.  - 


1.2  Classification . - The  eouioment  covered  by  this  speci- 

fication shall  meet  the  requirements  of  Specification  MIL-E-5400  for  Class  2 
equipment  except  as  modified  herein.  The  equipment  shall  consist  of  the 
following: 


Title 


Type  Designation  ( AN ) 


Para . 


1.1  Associated  Equipment.  - The  (name  of  eouipment)  shall 

orerate  with  the  associated  eouipment  listed  in  6.8. 


2 
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2 APPLICABLE  DOCUMENTS 

2.1  Selection  of  Specifications  and  Standards.  - Applicable 
publications  sheill  be  those  contained  in  the  LIST  OF  SPECIFICATIONS  AND 
STANDARDS  (Book  Form)  approved  by  the  NAVAL  AIR  SYSTEMS  COMMAND,  NAVAIR 
00-25-544,  dated  October  1966;  other  specifications  in  the  Materials  and 
Processing  areas  shall  be  those  contained  in  the  LIST  OF  SPECIFICATIONS 
AND  STANDARDS  (Book  Form)  approved  by  the  NAVAL  AIR  SYSTUiS  COMMAND, 

NAVAIR  00-25-544,  dated  May  I968;  and  the  LIST  OF  STANDARD  DRAWINGS  used  by 
the  NAVAL  AIR  SYSTEMS  COMMAND,  NAVAIR  00-25-543,  dated  March  196? . Other 
applicable  publications  not  contained  in  the  above  lists  shall  be  the 
issue  in  effect  on  1 May  I968,  except  as  noted  herein.  All  standards  and 
specifications  other  than  those  established  for  use  by  the  NAVAL  AIR  SYSTIMS 
COMMAND  must  be  approved  by  the  procuring  activity  prior  to  use  as  a part  of 
this  specification.  When  approved  by  the  procuring  activity,  the  seller  may 
elect  to  use  later  issues  of  Government  Documents  when  such  effectivity 
resiilts  in  an  improvement  in  the  state-of-the-art,  material,  processes,  or 
res\ilting  end  item. 

2.1.1  General.  - The  following  documents  of  the  exact  issue 
shown  form  a part  of  this  specification  to  the  extent  specified  herein; 

SPECIFICATIONS 


Military 

MIL-C-172B-2 
Supplement  1C 

MIL-C-675A-2 

MIL-B-5087B(ASG) 

MIL-W-5088c(ASG) 

MIL-E-5272C(ASG)-1 


Cases;  Bases,  Mounting;  and  Mounts 
Vibration  (for  use  with  Electronic 
Equipment  in  Aircraft) 

Coating  of  Glass  Optical.  Elements 
(Anti -Re flection) 

Bonding,  Electrical  and  Lightning 
Protection,  for  Aerospace  Systems 

Wiring;  Aircraft,  Installation  of 

Environmental  Testing,  Aeronautical 
and  Associated  Equipment,  General 
Specification  for 


r.RllMMAN  AKROSPACK  CORPORATION 


BcthpMc.  L I.,  N.  Y. 
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2.1.1  (Continued) 

MIL-E-5^00H 

Electronic  Equipment,  Aircraft, 
General  Specification  for 

MIL-T-5‘t22E(ASG)-2 

Testing,  Environmental,  Aircraft 
Electronic  Equipment 

MIL-I-618ID 

Interference  Control  Requirements , 
Aircraft  Equipment 

MIL-C-6781B(ASG) 

Control  Panel  Aircraft  Equipment  Rack 
or  Console  Mounted  ASG 

MIL-P-7788D 

Panels,  Information,  Integrally  Illuminated 
(see  QPL-7788) 

MIL-M-7793C-1 
Supplement  1 

Meter,  Time  Totalizing 

MIL-C-8779B(WEP)-1 

Colors,  Interior,  Aircraft,  Requirements  for 

MIL-T-18303A(WEP) 

Test  Procedures ; Preproduction  and 
Inspection,  for  Aircraft  Electronic 
Equipment , Format  for 

MIL-N-18307C(ASG)-3 

Nomenclature  and  Nameplates  for  Aero- 
nautical Electronic  and  Associated  Equipment 

MIL-P-23377B-1 

Primer  Coating,  Epoxy  Polyamide 
Chemical  and  Solvent  Resistant 

MIL-C-26I)82D 

Connectors,  Electric,  Circular, 
Miniature,  Quick  Disconnect 

MIL-S-3813OA 

System  Safety  Engineering  of  Systems  and 
Associated  Subsystems  and  Equipment; 
General  Requirements  for 

MIL-H -46855 

Human  Engineering  Requirements  for 
Military  Systems,  Equipment  and 
Facilities 

Eog  200.5  5-66 
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2.1.1  (Continued) 

MIL -L -81352 ( AS )-l 
MIL-C-OO815IID 

Naval  Air  Systems  Command 
AR-5A 

STANDARDS 

Federal 

FED-STD-595 

i<lilltar^' 

MIL-STD-202C 
Notice  2 

MIL-STD-454A 

MIL-STD-471 

MIL-STD-704A 


Lacquer;  Acrylic  (For  Naval  Weapons) 

Connector,  Electric  Circular  High 
Density  Quick  Disconnect,  Environment 
Resisting,  Specification  for 


Microelectronic  Devices  Used  in  Avionics 
Equipment,  Procedures  for  Selection  and 
Approval  of 


Colors 


Test  Method  for  Electronic  and 
Electric  Component  Parts 

Standard  General  Requirements  for 
Electronic  Equipment 

Maintainability  Demonstration 

Electric  Power,  Aircraft  Characteristics 
and  Utilization  of 
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2.1.1  (Continued) 

Military 

MIL -STD-781 A 

Reliability  Tests -Exponential  Distribution 

MIL-STD-81OB 

Environmental  Test  Method  for 
Aerospace  and  Ground  Eqiiipment 

MSI7322  Rev.  C 

Meter,  Time  Totalizing,  Miniature 
Digital,  115  Volt,  400  Hz 

MS25271(ASG)  Rev.  C 

Relay,  10  Amp.  4 PDT  Class  B-8 
Sealed,  with  Solder  Hooks 

HANDBOOKS 

Military 

MIL-HDBK-5A 
and  Change  1 

Metallic  Materials  and  Elements  for 
Aerospace  Vehicle  Structure 

MIL-HDBK-23 

and  Change  1,  Part  I 

Composite  Construction  for  Flight 
Vehicles,  Part  I - Fabrication, 
Inspection,  Durability  and  Repair 

Part  11 

Sandwich  Construction  for  Aircraft,  Part  II 

Part  III 

Composite  Construction  for  Flight  Vehicles, 
Part  III  - Design  Procedures 

PUBLICATIONS 

NAVAIR  00-25-543 
dated  March  I967 

List  of  Standard  Drawings 

;;avair  00-25-544 

dated  October  I966 
and  May  1968 


List  of  Specifications  and  Standards 
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2.1.2  Grumman.  - The  follovd.nft  documents  of  the  issue  in 

effect  at  the  time  of  invitation  to  bid  form  a part  of  this  specification  to 
the  extent  specified  herein: 

SPECIFICATIONS 

A51CST010 

TTiermal  Requirements  for  Sellers, 
General  Specification  for  F-ltA  Weapon 
System  Avionics 

A51CSH011 

ifuman  Factors  Requirements  for 
Sellers,  General  Specification  for 
F-l4  Weapon  System 

* A51CSW012 

Weight  Control  Requirements  for  Sellers, 
General  Specification  for  F-iUA  Weapon  System 

A51CSM013 

Maintainability  Program  Requirements 

for  Sellers,  Avionics,  General  Specification 

for  F-lhA  Weapon  System 

A51CSE016 

IILectromagnetic  Interference  Control 
Requirements  for  Sellers,  General 
Specification  for  F-1UA  Weapon  System 

A51CSR017 

Reliability  Program  Requirements  for 
Sellers,  General  Specification  for 
F-l^tA  Weapon  System 

A51CSC018 

Configuration  Management  Requirements 
for  Sellers,  Ceneral  Specification  for 
F-i4a  Weapon  Systism 

A51CSV022 

Versatile  Avionic  Shop  Test  (VAST) 
Requirements  for  Sellers,  General 
Specification  for  F-ltA  Weapon  System 

A51CSV023 

Versatile  Avionic  Shop  Test  Program  Sets 
Cieneral  Requirements  for  F-lhA 
Weapon  System 

A51CSV02U 

VAST  Baseline  Specification 
(ieneral  Requirements  for  F-iUA 
Weapon  System 
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2.1.2  (Continued) 


Control  Panel  Standardization 
Requirements  for  Sellers  General 
Specification  for  F-14A  Weapon  System 

Basic  Weights  Control  Requirements  for 
Sellers,  General  Specification  for 
F-14A  Weapon  System 

Electrical,  Built-In  Test  (BIT)  Indicators 
Standardization,  Requirements,  ileneral 
Specification  for  F-14a  Weapon  System 

*NOTE;  Check  vrith  weights,  if  A51CSW012  or  A51CSW02?  should  be  used. 

DRAWINGS 

Grumman 

A51A 

2.1.3  Availability  of  Documents.  - 

(a)  When  requesting  military  specifications,  standards,  drawings, 
and  publications,  refer  to  both  title  and  number.  Copies  of 
applicable  specifications  required  by  contractors  in  connection 
with  specific  procurment  functions  may  be  obtained  upon  appli- 
cation to  the  Commanding  Officer,  Naval  Supply  Depot,  Code  105, 
5801  Tabor  Avenue,  I'hiladelphia,  Pennsylvania  19120. 

(b)  Copies  of  this  specification  or  applicable  Grumman  Docxaments 

may  be  obtained  from  Grumman  Aerospace  Corporation,  Bethpage, 
Long  Island,  New  York  11714;  Attention:  F-l4  Subcontracts 

Manager . 


SPECIFICATIONS 

A51CSF025 

*A51CSW027 

A5ICSRO33 


GRUMMAN  >llr<i 

NtW  vOR»» 

C^ode  Ident.  No.  26512 


3 RKiUIRENlENl'S 


3.1  Preproduction  (Qualification).  - This  specification 
makes  provision  for  preproduction  testing. 

3.2  Parts  and  Materials.  - In  the  selection  of  parts  and 
materials,  fulfillment  of  major  design  objectives  shall  be  the  prime 
consideration.  In  so  doing,  the  following  shall  govern: 

(a)  Microelectronic  devices  shall  conform  to  requirements  specified 
herein. 

(b)  Other  parts  and  materials  requirements  shall  conform  to 
Specification  MIL-E-ltOO,  paragraph  3.1  and  Specification 
A51CSR017,  paragraph  3. 2. 2. 7. 3. 

(c)  For  design  purposes,  data  and  properties  of  materials  shall  be 
obtained  from  Handbooks  MIL-HDBK-5,  MIL-HDBK-23,  or  from  other 
sources  subject  to  approval  of  the  procuring  activity. 

3.2.1  Nonstandard  Parts  and  Materials  Approval.  - Approval 
for  the  use  of  nonstandard  parts  and  materials  (including  electron  tubes, 
transistors  and  diodes)  other  than  microelectronic  devices  shall  be  obtained 
as  outlined  in  Specification  MIL-E-5400.  Microelectronic  devices  shall  be 
approved  as  outlined  in  Specification  AK-5,  as  modified  by  Specification 
A51CSR017,  paragraph  3. 2. 2. 7. 3. 4. 

3.2.2  Microelectronic  Modular  Assemblies.  - Microelectronic 
modular  assemblies  shall  meet  the  requirements  of  Specification  AR-5  as 
modified  by  Specification  A51CSR017,  paragraph  3. 2. 2. 8. 

3.2.3  Finishes.  - The  exterior  finish  shall  meet  the  require- 
ments of  Specification  MIL-E-5400  and  as  follows: 

(a)  The  cleaning  and  metal  treatments  shall  meet  the  requirements 
of  Specification  MIL-E-5400. 

(b)  Apply  Epoxy  primer,  in  accordance  with  Specification  ;iIL-P-23377 . 
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3.2.3  (Continued) 

(c)  Apply  Acrylic  lacquer,  in  confoimance  with  Specification 

MIL-L-81352. 

(d)  Equipments  located  in  the  cockpit  shall  be  flat  dull  black 
Standard  FEC-STD-595  No.  37038.  Colors  of  all  panels,  knobs, 
bezels  and  controls  shall  be  in  accordance  with  Specification 
MIL-C-8779.  In  other  areas  the  color  shall  be  flat  dark  grey 
in  accordance  with  Standard  FED-STD-595  No.  36231. 


3.2.4  Magnesium  and  Magnesium  Alloys, 

alloys  shall  not  be  used. 


Magnesium  and  magnesium 


3.3  Design,  Construction  and  Workmanship.  - The  equipment 

shall  conform  with  all  the  applicable  requirements  of  Specification  MIL-E-5400 

paragraph  3.2  and  Drawing  A51A for  design  and  construction. 

Workmanship  shall  conform  to  Specification  MIL-E-5400,  paragraph  3.5. 

3.3.1  Total  Weight . - The  total  weight  of  the  equipment, 
excluding  cables,  shall  be  a minimum  consistent  with  good  design  and  shall 

not  exceed  pounds.  The  seller  shall  conduct  a weight  control  program  in 

accordance  with  Specification  (A51CSW012  or  A51CSW027). 

3.3.2  Reliability  Provisions.  - 

3. 3. 2.1  Reliability  Program  Requirements.  - During  the  design, 

development  and  production  phases  of  the  contract,  the  seller  shall  conduct 
an  organized  reliability  program  implementing  as  a minimum,  those  require- 
ments contained  in  Specification  A51CSR017  and  this  specification. 


Quantitative  Reliability  Requirements. 


,•(.3. 2. 2.1  Mean-Time-Between-Failures  (MTBF ) . - ITie  specified 
as  defined  in  Standard  MIL-STD-781,  paragraph  3.1,  shall  be  hours. 


3.3  2.1;. 2 Operating  Life.  - The  equipment  shall  have  a total 

ope.-ating  life  of  hours.  Parts  requiring  replacement  during  this 

interval  shall  be  identified  by  the  seller  and  submitted  to  the  procuring 
activity  for  approval  in  accordance  with  the  requirements  of  Specification 
A51CSR017. 
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3. 3.2. 2. 3 Elapsed  Time  Indicators.  - Time  totalizing  meters  in 
accordance  with  Standard  MS17322,  as  specified  in  Specification  MIL-M-7793, 
shall  be  included  in  each  Weapons  Replaceable  Assembly.  Meter  location  shall 
be  selected  by  the  seller  and  sulmitted  to  the  procuring  activity  for 
approval . 

3.3.3  Cabling  and  Connectors.  - 

3. 3. 3.1  Cables  and  Connectors.  - The  equipment  shall  provide  for 
the  use  of  cables  and  connectors  in  accordance  with  Specification  MlL-E-5400, 
paragraphs  3.1.5  and  3.1.36.  WRA  interface  connectors  shall  conform  to 
Specification  MIL-C-OO815II  or  MIL-C-26U82. 

3. 3. 3. 2 Intercomiection  Cabling.  - The  equipment  shall  be 
capable  of  satisfactory  operation  using  external  wiring  in  accordance  with 
the  requirements  of  Specification  MIL-W-5088  and  paragraph  3.1.36  of  Specifi- 
cation MIL-E-5400.  The  external  wiring  shall  be  unshielded,  except  that 

a minimum  number  of  the  individual  wires  may  be  shielded  when  demonstrated 
by  the  seller  as  necessary  to  meet  interference  control  requirements, 
provided  internal  IKE  suppression  is  not  possible,  and  the  assembly  of  the 
cable  to  its  plugs  may  be  easily  accomplished.  External  cables  and  tEiat 
portion  of  the  connectors  attached  to  the  cables  shall  not  be  supplied  as 
part  of  the  equipment . 

3.3.4  Cont rol  Panel s . - All  control  panels,  whetEier  rack  or 
control  console  mounted  shall  conform  to  the  applicable  requirem.ents  of 
Specification  MIL-C-678I  for  lype  I ajid  II  control  panels.  Provision  shall 
be  made  for  integrally  Illuminated  panels  in  accordance  with  Specification 
MIL-P-7788,  Type  IV,  Class  IR.  ITie  configuration  of  all  panels  must  be 
approved  by  the  procuring  activity  prior  uo  preproduction  testing.  Panels 
shall  be  designated  in  accordance  with  Specification  A51CSR')25. 
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3.3.5  Interchangeability . - The  equipment  shall  meet  the 
interchangeability  requirements  of  Specification  MIL-E-5^00,  paragraph  3.3. 

3.3.6  Electromagnetic  Interference  (EMI)  Control.  - The 
generation  of  IWI  by  the  equipment  and  the  susceptibility  of  the  equipment 
to  EMI  shall  be  controlled  within  the  limits  specified  in  Specification 
MIL-I-6181  and  as  specified  herein.  During  the  design,  development  and 
production  phases  of  the  contract,  the  seller  shall  comply  as  a minimum 
with  those  requirements  contained  in  Specification  A51CSE016. 

3. 3. 6.1  Conducted  and  Radiated  tinissions.  - The  conducted 
and  radiated  emissions  of  the  equipment  shall  be  controlled  within  the 
limits  and  requirements  specified  in  U.3.1.2. 

3. 3.6.2  Conducted  and  Radiated  Susceptibility.  - There  shall 
be  no  problems,  such  as,  malfunction,  change  in  normal  indication  or 
degradation  of  performance  of  the  equipment  when  sub.lected  to  the  tests  and 
requirements  specified  in  1*.3.1.2. 

3.3.7  Maintainability . - Maintainability  requirements  shall 
be  as  specified  in  this  specification.  The  maintainability  program  for 
accomplishing  these  requirements  shall  be  in  accordance  with  requirements 
of  Specification  A51CSM013. 

3. 3. 7.1  Detail  Maintainability  Kequiren.ents . - The  follc'wing 
maintainability  requirements  and  packaging  requirements  of  Specification 

A5ICSMOI3  shall  be  demonstrated  in  accordance  with  

herein. 

3.3.7.1.1  Preventive  Maintenance.  - Avionic  equipment  generally 
shall  not  have  preventive  maintenance  requirements.  Any  requirements  for 
preventive  maintenance  shall  be  Justified,  documented  emd  submitted  to  the 
procuring  activity  for  approval. 

3. 3. 7. 1.2  Corrective Maintenance . - The  maintenance  rate  (MR) 
for  corrective  maintenance  shall  be  the  determining  factor  in  measuring 
and  evaluating  the  following  requirements.  The  maintenance  rate  shall  be 
established  from  the  following: 
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3. 3. 7. 1.2  (Continued) 

ME  = (OH/FH  X M/F  X Failure  Rate)  + (OH/FH  X Wearout  Rate) 

Where: 

OH  = Number  of  operating  hours 
FH  = Number  of  flight  hours 

M = Number  of  Corrective  Maintenance  Actions 
F = Number  of  failures 

The  failure  rate  and  wearout  rate  shall  be  obtained  from 
the  contractually  required  reliability  prediction.  Generally  the  OH/FH  ratio 
is  2.0  and  the  M/F  ratio  is  3.0.  Any  deviation  from  these  ratios  shall  be 
Justified,  documented  and  submitted  to  the  procuring  activity  for  approval. 

3. 3. 7. 1.2.1  Organizational  Level.  - Organizational  level  maintenance 
shall  generally  consist  of  performance  of  fault  detection,  isolation  to 
WRA,  removal  and  replacement  of  WRA  from  aircraft  and  operational  verifica- 
tion. The  following  requirements  shall  be  accomplished: 

(a)  Built-in-test  (BIT)  shall  be  incorporated  into  the  equipment  to 
enable  unambiguous  fault  isolation  to  the  defective  WRA  in  a 

meantime  of  less  than  minutes  and  a maximum  time  of  less 

than minutes.  BIT  shall  be  provided  to  detect  and 

unambiguously  Isolate  at  least ^ of  all  possible  equipment 

faults,  when  the  faults  are  ranked  by  frequency  of  occurrence. 


(b)  No  support  equipment  shaill  be  used.  Requirements  for  support 

equipment  of  any  type  shall  be  Justified,  documented  and  submitted 
to  the  procuring  activity  for  approval. 


(c) 


Removal  and  replacement  of  the  WRA  shall  not  exceed 


minutes 


I 
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3. 3. 7. 1.2.1  (Continued) 

(d)  The  total  corrective  maintenance  time,  the  summation  of  fault 
isolation,  removal  and  replacement  and  verification  shall  not 

exceed  minutes  meantime.  Ninety  percent  of  all  corrective 

maintenance  actions  shall  be  completed  within  minutes. 

3. 3. 7. 1.2. 2 Intermediate  Level . - The  equipment  to  which  this  spec- 
ification applies  shall  be  designed  for  ccmpatibility  with  the  Versatile 
Avionic  Shop  Test  (VA.ST)  System  AN/USM-2U7  as  described  in  Specifications 
A51CSV022  and  A51CSV023.  VAST  Test  Programs  shall  be  furnished  in  accordance 
with  Specification  A51CSV024. 

(a)  WRA  Repair  - Restoration  shall  consist  of  fault  isolation 

to  the  defective  Shop  Replaceable  Assembly  (SRA),  removal  and 
replacement  and/or  in  place  repair  of  the  defective  SRA,  and 
verification  that  the  specific  WRA  performance  level  of  operation 
has  been  restored.  Fault  isolation  to  the  defective  SRA 
shall  be  accomplished  without  ambiguity,  using  only  those  test 
points  of  3.3.7.2.U.  Any  requirement  for  fault  isolation  to 
more  than  one  SRA  shall  be  subject  to  approval  by  the  procuring 
£u:tivity.  Fault  isolation  by  exception  to  the  Inplace  Repairable 
Assembly  (IPRA)  shall  be  permitted.  Removal  and  replacement  of 
a defective  SRA  shall  not  require  the  use  of  special  tools  or 
processes. 

(b)  SRA  Repair  - The  probability  of  restoring  a malfunctioned 
repairable  SRA  to  ein  acceptable  level  of  performance 

shall  be  0.98.  Restoration  shall  consist  of  fault  isolation 
to  the  defective  part  or  nonrepairable  component,  removal  and 
replacement  of  the  item  and  verification  that  the  specific 
ERA  performance  level  of  operation  has  been  restored.  Fault 
isolation  shall  be  accomplished  using  only  those  test  points 
of  3. 3. 7. 2.1*.  Further  fault  isolation  to  the  defective  part(s) 
may  be  accomplished  using  special  test  points  provided  for  that 
purpose.  Removal  and  replacement  or  repair  of  the  defective 
part  shall  not  require  use  of  special  tools  or  processes. 


CRl'MMAN  AKKOSPACK  CORPOR  ATION 

Bethpage,  t.  I.,  N.  Y. 

Code  Idem.  No.  265 1 2 


SPECIFICATION 

No.  F-IUA-BP-66-1 K 


3. 3. 7. 1.2. 2 (Continued) 

(c)  Total  Corrective  Maintenance  - The  following  total  corrective 
maintenance  times  shall  be  satisfied: 

(1)  The  summation  of  removal  and  replacement  of  defective  SRA 
and  the  removal  and  replacement  and/or  repair  of  a defective 
part(s)  including  access  and  secure  time,  shall  not  exceed 

minutes  meantime  and  minutes  maximum  at  the  90th 

percentile. 

(2)  The  toteil  time  to  test  on  VAST,  the  summation  of  fault 
isolation  and  verification  that  the  malfunction  has 
been  restored  for  the  WRA  and  SRA  including  hookup, 
warmup,  turn-off  and  unhook  time,  shall  not  exceed 
minutes  meantime. 

3. 3.7.1. 2. 3 Depot  Level.  - Avionic  equipment  generally  shall  not 
have  depot  level  maintenance  requirements . Any  requirements  for  depot 
maintenance  shall  be  Justified,  documented  and  submitted  to  the  procuring 
activity  for  approval. 

3. 3. 7. 2 General  Maintainability  Requirements.  - 

3. 3. 7. 2.1  Task  Criteria.  - Each  of  the  maintenance  times  listed 
in  3. 3. 7. 1.2  are  to  be  acccmplished  with  a maximum  of  one  maintenance 
personnel  of  no  higher  than  intermediate  skill  (E-U)  for  at  least  95?  of 
the  maintenance  tasks. 

3. 3. 7. 2. 2 Built-In  Test . - Suitable  BIT  features  shall  be 
incorporated  into  the  equipment  to  provide  GO/NO-CX)  indications  of  equipment 
readiness,  and  when  a fault  is  detected,  automatically  locate  the  fault  to 
the  malfunctioning  WRA.  Ihie  BIT  shall  be  self-contained  and  independent  of 
external  signals  that  normally  interface  with  the  equipment.  These  features 
shall  be  such  as  to  energize  warning  devices  (indicators)  for  each  WRA  when 
equipment  performance  falls  below  a specified  level. 

1 IlOTE:  Select  either  of  the  following  3. 3. 7. 2. 2.1  depending  upon  automatic 

i or  manual  BIT  requirements. 
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3. 3. 7. 2. 2.1  Operation.  - BIT  operation  shall  be  automatic  and 
continuous  to  detect  and  isolate  to  the  malfunctioning  WRA.  TTie  BIT  shall 
be  such  as  to  energize  fault  devices  after  there  is  reasonable  assurance 
that  the  equipment  performance  has  fallen  below  a specified  level.  For  each 
WRA  a fault  indicator  and  a discrete  output  GO/NO-GO  signal  for  remote 
indication,  shall  be  provided.  Failure  of  any  external  equipment,  or  any 
abnormal  interference  signal,  shall  not  cause  BIT  to  indicate  a failure. 

3. 3-7. 2. 2.1  Operation.  - BIT  operation  shall  be  initiated  by  a 

manual  switch  located  on  the  front  of  the  equipment  and  also  by  an  input 
signal  from  a remote  location.  The  BIT  shall  be  such  as  to  energize  fault 
devices  after  there  is  reasonable  assurance  that  the  equipment  performance 
has  fallen  below  a specified  level.  For  each  WRA  a fault  indicator  and  a 
discrete  output  GO/NO-GO  signal  for  remote  indication  shall  be  provided. 
Failure  of  any  external  equipment,  or  any  abnormal  interface  signal  shall 
not  cause  BIT  to  indicate  a failure. 

3. 3. 7. 2. 2. 2 Fault  Detection  Provisions.  - A latch  type  indicator 
(mechanical  reset)  shall  be  provided  in  accordance  with  Specification 
A51CSR033  for  each  WRA  to  indicate,  with  power  removed  or  interrupted, 
whether  any  NO-GO  test  result  occured  since  the  last  mechanical  reset. 

3. 3. 7. 2. 2. 3 Fail-Safe  Operation.  - The  circuits  and  devices  which 
provide  self-test  functions  shall  be  designed  in  such  a manner  that  any 
failure  of  the  self-test  circuitry  will  not  degrade  the  equipment  with  which 
it  is  associated. 

3. 3. 7. 2. 3 WRA,  SRA  Interchangeability.  - Any  SRA  of  this  equipment, 
after  having  its  performance  verified  at  the  intermediate/depot  level  of 
maintenance,  when  inserted  into  the  WRA  shall  not  require  or  cause  the  WRA 
or  any  SRA  within  the  WRA  to  be  adjested  or  calibrated.  No  adjustments  will 
be  permitted  on  the  WRA  at  any  level  of  maintenance.  When  inserted  into 
the  aircrali,  it  also  shall  not  cause  other  WRA's  or  SRA's  to  be  adjusted 
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3.3.7.2. U  Test  Points.  - Test  points  shall  satisfy  the  following 

requirements : 

(a)  Functionsil  Test  Point  Arrangement  - Test  points  shall  be  exposed 
and  grouped  within  a multipin  connector  which  is  T-eadily  accessible 
at  the  level  of  maintenance  for  which  it  is  intended.  All  external 
test  point  connectors  shall  be  provided  with  metal  caps  chained 

to  the  equipment.  The  test  points  shall  be  grouped  by  the 
functional  maintenance  level  requirements  as  follows: 

(1)  WM  test  points  for  intemediate/depot . 

(2)  SRA  test  points  for  intermediate/depot. 

(b)  The  test  points  shall  be  located  as  follows: 

(1)  WRA  test  points  shall  be  located  in  such  positions  to  be 
readily  accessible  for  maintenance  while  installed  in  the 
aircraft . 

(2)  SRA  test  points  shall  be  located  in  such  positions  to  be 
readily  accessible  for  maintenance  actions.  The  majority 
of  these  test  points  shall  be  located  on  the  outer  surface 
of  the  SRA  at  specifically  identified  jacks  or  on  test 
connectors  themselves . 

3.3.7.2.I4.1  WRA  Test  Points.  - Test  points  are  required  on  each  WRA 
for  maintenance  at  the  intermediate/depot  level  for  use  when  the  WRA  is 
removed  from  the  aircraft  or  is  newly  issued,  to  determine  the  performance 
level  of  the  WRA  and,  in  the  event  of  a failure  to  identify  which  SRA  is  at 
fault.  WRA  test  points  shall,  when  used  in  conjuction  with  the  operational 
connector,  provide  the  means  for: 

(a)  Measuring  the  necessary  input/output  parameters  to  enable 
isolation  of  faulty  SRA's  in  accordance  with  3. 3. 7. 1.2. 2. 

(b)  Ascertaining  WRA  performance  criteria,  in  such  a manner  that  when 
an  WRA  is  reinstated  in  the  system,  the  system  will  meet  the 
performance  criteria. 

(c)  Implementing  a master  reset  of  all  elements  within  tiie  WRA  to  a 
predetermined  state  or  known  condition. 

3. 3. 7. 2.  ^.2  SRA  Test  Points.  - Test  points  are  required  on  each  SRA 

for  use  when  the  SRA  has  been  removed  from  the  WRA  to  ascertain  whicli  component 
is  at  fault.  SRA  test  points  should  provide  the  means  for: 

(a)  Measuring  the  necessary  Input/output  and  circuit  parameters 

to  enable  isolation  to  the  faulty  nonrepairable  or  small  group 
of  nonrepai rabies  as  follows: 
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3.3.7.2.14.2  (Continued) 

(a)  (Continued) 

(1)  When  the  SRA  contains  10  or  fewer  ncnrepairables , isolation 
to  groups  of  2 or  less  shall  be  possible  for  50  percent 

of  the  possible  faults.  Isolation  to  I4  or  less  must  be 
possible  for  all  possible  faults. 

(2)  When  the  SRA  contains  more  than  10  nonrepairables , 
isolation  to  groups  of  U or  less  shall  be  possible  for 
80  percent  of  the  possible  faults.  Isolation  to  groups 
of  8 or  less  must  be  possible  for  95  percent  of  the 
possible  faults.  Isolation  to  groups  of  10  or  less  must 
be  possible  for  100  percent  of  the  possible  faults. 

(b)  Measurement  of  necessary  input/output  parameters  to  enable 
calibration  or  alignment  of  the  SRA. 

3.3.8  Nomenclature  6uid  Nameplates . - Nomenclature  assignment 
and  nameplate  approval  for  equipment  identification  shall  be  in  accordance 
with  Specification  MIL-E-5^00,  paragraph  3.^,  and  Specification  MIL-N-18307. 

3. 3. 8.1  Identification  and  Marking.  - Identification  and  marking 

shall  be  in  accordance  with  Specification  MIL-E-5^00,  paragraph  3.1.19  and 
Specification  A51CSC018. 

3.3.9  Standard  Conditions . - The  following  conditions  shall 
be  used  to  establish  normal  performance  characteristics  and  for  making 
laboratory  bench  tests: 

Temperature  Room  ambient  (25  ^ 5°C) 

Altitude  Normal  ground 


Vibration 


None 
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3.3.9 


( Continued) 


Humidity 


Innut  power  voltatje 


Room  ambient  un  to  90%  relative 
humidi ty 

ns  + 1.0  VAC  I4OO  + 20  Hz  and/or 
27.5  + 0.5  VDC 


3.3.10  Service  Conditions.  - The  equipment  shall  operate 

satisfactorily  under  any  of  the  environmental  service  conditions  or 
reasonable  combination  of  these  conditions  as  specified  in  paraeraph  3.2.21 
of  Specification  MIL-E-5^00  for  Class  2 eouinment,  excent  as  modified  herein. 

3.3.10.1  Temperature  and  Altitude.  - The  equinment  shall  operate 

satisfactorily  when  subjected  to  the  reouirements  of  paracranh  3.2.21.1 
and  3.2.21.3  of  Specification  MIL-E-5**00  and  Fifnire  1 of  Specification 
A51CST010.  The  transient  conditions  of  Fipure  1 of  Specification 
A51CST010  do  not  apply  to  cabin  eouinment. 

(a)  Environment  A of  Figure  1 of  Specification  A51CST010  defines 
the  temperature-altitude  reouirements  for  eouinment  located 
within  conditioned  comnartments . 

(b)  Environment  B of  Figure  1 of  Specification  A51CST010  defines 
the  temperature-altitude  reouirements  for  eouinment  located 
within  nonconditioned  comnartments. 

The  following  eouinments  shall  be  located  in  environment  A: 


The  following  eouinments  shall  be  located  in  environment  B: 
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3.3.10.2  Vibration . - Ibe  equipment  shall  satisfactorily  meet 

the  performance  requirements  of  this  specification  when  subjected  to  the 
vibration  inputs  of  Curves  I and  II,  Fieure  5 of  Specification  KIL-F-5^00. 

3.3.10.2.1  Design  Stiffness  Requirements.  - 

(a)  Minimiun  Desipp  Resonant  Frequencies  - No  resonant  frequency  of 
the  equipment,  or  any  of  its  components  (excluding  external  and/or 
internal  isolation  systems,  if  any),  shall  be  below  ^i5  Hz. 

(b)  Minimum  Design  Resonant  Amplification  Factor  - A minimum  resonant 
amplification  factor  of  ten  shall  be  assumed  in  the  desijm 
analysis.  Lower  factors  may  be  assumed  (sub.lect  to  the  approval 
of  the  procurins;  activity)  if  damped  laminate  construction  or 
other  structural  damping  methods  are  used. 

3.3.10.2.2  Vibration  Isolation.  - '^Jhen  external  and/or  internal 
vibration  isolators  are  used,  the  mountine  system  shall  be  in  compliance 
with  Specif ication  MIL-C-172,  with  the  following  exceptions. 

3.3.10.2.2.1  Transmissibllity  and  Resonant  Frequencies.  - The 
transmissibilities  of  the  mountinp  system  shall  not  exceed  the  allowable 
values  given  in  Figure  3.1  herein,  in  any  direction  of  vibration.  Resonant 
frequencies,  whether  coupled  or  uncoupled,  are  not  restricted  within 
Specific  limits;  rather  they  are  limited  only  to  the  extent  that  the 
transmissibilities  associated  with  the  resonant  frenuencies,  do  not  exceed 
the  allowable  values. 

3.3.10.2.2.2  Conf i gnration . - Unit  vibration  isolators  or  distributed 

elastic  media  of  any  size,  shape  or  material  {including  flexible  plastic 
foam)  "'ay  be  used  provided  the  volume  and  form  factors  of  the  installation 
are  in  compliance  with  Drawing  . 

i.^.10.3  Shock.  - Tile  equipment  shall  be  capable  of  Tneetinm  the 

performance  requirements  when  subjected  to  the  shock  inputs  of  Specification 
MIL-K-5l*00,  paragraph  3.2.21.8.  Itie  shaped  pulse  of  these  shocks  shall  be 
a half  sine  wave. 
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3.3.19.^<  Acceleration . - The  eouirment  shali  be  capable  of 

meetincs  the  performance  requirements  when  sub.lecteci  to  the  acceleration 
inputs  of  Specification  MIL-E-5???,  parafrraph  ^<.16. 3,  Procedure  III. 

3.3.11  Service  Conditions  - Electrical.  - 

3.3.11.1  Primary  Input  Power  Requirements.  - The  eouinment  shall 
meet  all  annlicable  requirements  of  Standard  MIL-STD-TOU  and  shall  cive 
specified  performance  from  the  following  power  sources  with  characteristics 

as  defined  in  Standard  MIL-STD-TOU  havinp  limits  specified  therein.  The  power 
required  shall  not  exceed  the  specified  amounts. 

(a)  AC  Power  (Three  Phase)  llS/200  V,  Catesrory  B VA. 

(b)  28  VhC  Category  B,  watts. 

• 3.3.11.2  Degraded  Performance.  - The  equipment  performance  durinc 

abnormal  power  conditions  as  defined  by  Standard  MTL-STD-TOl)  shall  be  as 
follows . 

••  3.3.11.3  Warm-Up  Time . - Warm-up  time  under  standard  conditions 

shall  not  exceed  minutes  and  minutes  under  service  conditions. 

3.3.12  Surrounding  Air  Pressure.  - For  design  purposes,  the 
air  pressure  surrounding  the  equipment  shall  be  assumed  equivalent  to  free 
stream  static  pressure.  All  newly  developed  equipment  shall  be  designed  to 
satisfactorily  withstand  or  operate  at  0.65  psia  surrounding  air  pressure. 

3.3.12.1  Cabin  Kguipment.  - 

(a)  Normal  21.0  to  2.73  psia 

• If  equipment  performance  is  other  than  that  stated  during  abnormal  power 
conditions  listed  in  Standard  MIL-STD-TOl* , para.  6.U,  see  cognizant 
engineer  for  details.  If  performance  is  acceptable  as  stated  in  para. 

6.1*  delete  3.3.11.2. 

**  Delete,  if  warm-up  time  is  same  as  that  of  Specification  MI t.-E-5*'00 , 
para.  3.2.20.1. 
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3.3.12.1  (Continued) 

(b)  Abnormal  2.73  to  0.65  psia  for  periods  un 

to  10  minutes  duration.  Degradation 
of  performance  will  be  allowed  but 
the  equipment  shall  sustain  no  per- 
manent damap;e  as  a result  of  exposure 
to  this  condition. 

3.3.12.2  Remote  and  In-Bay  Equipment.  - The  equipment  shall  be 

desiCTed  to  operate  at  15.5  to  0.b5  psia,  and  the  surrounding  air  pressure 
may  vary  at  rates  as  high  as  0.25  psi  per  second. 

3.3.12.3  Transient  Characteristics.  - 

3.3.12.3.1  Cabin  Equipment.  - 

(a)  Normal  - The  surrounding  air  pressure  may  vary  at  a rate 
as  high  as  0.25  psi  per  second. 

( b ) Abnormal  (Explosive  Decompression)  - 

Condition  I - The  equipment  shall  meet  functional  requirements 
(including  accuracy  requirements)  immediately  after  being 
subjected  to  an  explosive  decompression  in  which  the  surround- 
ing air  pressure  varies  rith  time  in  accordance  with  the  curve 
specified  as  Condition  I of  Figure  3.2  (cabin  pressure  decay 
during  explosive  decompression). 

Condition  II  - The  equipment  shall  not  deform  or  disintegrate 
in  a manner  which  could  cause  injury  to  a crew  member  or 
otherwise  Jeopardize  aircraft  safety  when  subjected  to  an 
explosive  decompression  in  which  the  surround  air  pressure 
varies  with  time  in  accordance  with  the  curve  specified  as 
Condition  II  of  Figure  3.2.  (Cabin  pressure  decay  during 
explosive  decompression.)  The  equipment  shall  not  be  required 
to  function  after  experiencing  this  condition. 

3.3.13  Thermal  Regtiirements  and  Cooling.  - The  eouioment  shall 

meet  the  thermodynamic  requirements  specified  in  Specification  A51CST010. 
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3.3.13  (Continued) 

Specification  A51CST010  is  provided  to  assist  the  seller  vith  the  thermal 
design  evaluation  to  eissure  that  the  equipment  will  operate  satisfactorily 
without  adjustment  under  all  modes  of  operation  in  the  weapon  system. 

3.3.13.1  Heat  Dissipation.  - The  heat  dissipation  Qg  (electrical 
heat  generated  within  the  unit)  shall  not  exceed  the  following: 

Equipment  Heat  Dissipation  - Watts 

(a) 

(b) 

3.3.13.2  Forced  Air  Cooled  Equipment.  - The  cooling  requirements 
for  forced  air  cooled  equipment  shall  not  exceed  2.32  Ibs/min/kw  (w/Q.j.*) 
for  conditions  defined  herein: 

(a)  Ambient  Temperature  l60°F 

(b)  Cooling  Air  Inlet  Temperature  60°F 

(c)  Surrounding  Air  Pressure  1^.7  psia 

* Qt  = Cooling  air  duty  as  defined  by  Specification  A51CST010. 

3.3.1^  Human  Factors  Engineering.  - The  requirements  for 

applying  the  principles  and  criteria  of  human  factors  engineering  shall 
conform  to  Specifications  MIL-H-U6055  and  A51CSH011. 

3.3.15  Configuration  Management.  - Articles  furnished  in 
accordance  with  this  specification  shall  be  developed  and  produced  under 

a system  of  Configuration  Management  as  specified  in  Specification  A51CSC018. 

3.3.16  Bonding . - The  equipment  shall  be  bonded  in  accordance 
with  Specification  M3L.-B-5087,  peu’agraphs  3.3.3  and  3.3.5. 

**  3.3.17  Safety . - The  equipment  shall  be  designed  to  preclude 

the  incorporation  of  features  which  result  in  critical  or  catastrophic 
hazards  as  classified  in  paragraph  3.2.3  of  Specification  MIL-S-38130. 


**  NOTE:  Choose  one  paragraph  3.3.17  as  determined  by  the  requirements  of 

AVO  VFX-.P:NG/A51-3>*0-A-68-1,  dated  20  Nov.  19b6. 
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**  3.3.17  Safety.  - The  equipment  shall  be  designed  to  preclude 

the  incorporation  of  features  which  result  in  critical  or  catastrophic 
hazards  as  classified  in  paragraph  3.2.3  of  Specification  MIL-S-3813O. 
Analyses  of  the  equipment  design  shall  be  performed  in  accordance  with 
paragraphs  3.^,  3.^.1,  3. **.2  and  3.^.3  of  Specification  A51CSS031. 

•*  3.3.17  Design  Safety.  - The  equipment  shall  conform  to  all 

the  requirements  of  Specification  A51CSS031. 

3.3.18  Coverglass  and  Wedges.  - The  instrument  coverglass  and 

any  other  transparent  element  between  the  glass  and  dial  such  as  a lighting 
wedge  shall  be  provided  with  a reflection  reducing  coating  that  meets  the 
requirements  of  Specification  MIL-C-675,  in  addition  to  withstanding  the 
environmental  conditions  of  the  indicator  involved,  except  that  the  following 
reflectance  tolerances  shall  apply: 


Angle  of  Incidence 


Wavelength  Millimicrons 

I450  - 675 
i+25  - 700 
**50  - 675 
1*25  - 700 


Percent  Reflectance 

0.6  Absolute 
0 . 5 Average 
1.0  Absolute 
0.5  Average 


3.U  Performance . - Unless  otherwise  specified,  values  set 

forth  to  establish  the  requirements  for  satisfactory  performance  apply  to 
performance  under  both  standard  and  environmental  service  conditions.  When 
reduced  performance  under  the  environmental  conditions  is  acceptable, 
tolerances  or  values  setting  forth  acceptable  variations  from  the  performance 
under  the  standard  conditions  will  be  specified, 

3.5  Detail  Requirements.  - 


*•  NOTE:  Choose  one  peiragraph  3.3.17  as  determined  by  the  requirements  of 

AVO  VFX-ENG/A51-3**0-A-68-1,  dated  20  Nov.  1968. 
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4 QUALITY  Ai3SURA.\CE  P.ROVISIONS 

4.1  Seller'.';  Ku'ility  Pro,-ra.n.  - Articles  furnished  in 
compliance  with  this  sreci.t'icatior:  s^iiail  be  troduced  under  the  controls 
established  in  t.-.e  Seller's  (See  lefinitiens,  Section  6)  Quality  Prorrar 
Plan.  Ihe  plan  shall  be  oreparoa  a.na  submitted  to  the  procurirg  activity 

4.2  Resoonribilit-  for  Ir.s-ec‘,ionc.  end  Tests.  - Unless 
othervise  specified  in  the  contract  or  rurenaae  ;ruor,  the  seller  s.hall 
be  responsible  for  t.ae  po-lor.r.'ince  of  all  inspections  ana  tests  atecified 
herein.  All  procedures,  tests,  data  era  reports  generated,  conducted, 
provided,  and  submitted  in  pcccrcar.ee  vith  the  requirements  of  tt.is 
specification  shall  be  cca.sister.t  vith  tne  definitions  and  ;rrour.d  rules 
contained  in  Section  b.  Ihe  seller  shall  utilize  the  facilities  of  a 
laboratory  acce-'table  to  the  r.rccurinr  activity  ana  the  Government.  The 
produrin.t  activity  reser-ves  t.'.c-  .vi -;.t  to  re-p-.r:orr;  any  of  the  inspection 
etid/or  tests  .~ot  forth  in  ■‘..nis  fccification  vnere  such  are  deemed  ncces.". 
to  <as3’jre  that  sutplie'^  nns  c.-rviceo  con  fern  to  nrescribed  reouirete.iwS . 
Ti'.o  rroc'.:rin,p  activity  the  ■ icvnr”-ntnt  l;;t  r enter  .shalj.  ';;e  r.sviocc  tve 
\’cei;s  in  acvance  v le.n  ve-’.ts  are  to  be  ..•cr.uuctcr,  so  that  recrcscr.tatives 
r.ay  be  uosi.  -.accd  to  witness  or  rurervir.o  ti.e  tents  vhen  so  utsirtc.  In 
addition,  the  rrociL.-i.o''  activ;'>  reserves  the  riyht  to  vitr.ess  the  rect.s 
and  dioasser.bly  conducted  by  the  seller  on  nonconforming  articles  returned 
by  the  procuring  activity. 


4. 2.. I Cla.ssif icaticn  cf  Tests.  - Items  covered  by  tnis 

npecificaticn  shall  be  cub.iectes  to  t:.e  following  tests  to  determine  com- 
pliance with  all  appiict.hle  reauircrents : 

(a)  Ihreproductic-.n  Tests  (Qualification) 

(b)  Acceptance  Tests  (Quality  Confomance) 

(c)  Special  Tests 

Accertance  of  prticics  under  the  test  provir.ionr- 
specified  herein  shall  not  relieve  the  seller  of  responsibility  to 
meet  the  design  reojirerents  of  the  specification. 
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4.3  Preproduction  Tests  (Qualification).  - Preproduction 

tests  shall  be  made  on  equipments  representative  of  the  production  equip- 
ments to  be  supplied  under  the  contract.  Preproduction  tests  shetll  be 
accomplished  under  the  approved  test  procedure  of  4.7. 

NOTE:  When  preproduction  tests  are  to  be  made  on  equipments  manufactured 

in  the  first  production  run,  the  equipments  to  be  tested  shall  be 
selected  by  a representative  of  the  procuring  activity  with  the 
concurrence  of  the  Government  Inspector. 

4.3.1  Scope  of  Preproduction  Tests.  - Preproduction  tests 

sheLLl  include  all  tests  specified  herein  and  shall  be  conducted  in 
accordance  with  the  requirements  of  this  specification.  Test  values  and 
parameters  shall  be  as  designated  in  the  design  requirements  paragraphs  of 
this  specification.  If  during  the  course  of  conducting  preproduction  tests 
corrective  action  is  required,  the  seller  shall  re-evaluate  the  previously 
approved  tests,  test  plans,  and  test  procedures  to  eissure  their  continued 
validity.  The  corrective  action,  extent  of  required  retest,  and  the  test 
plan  and  procedure  revisions  shall  be  subject  to  approval  of  the  procuring 
activity.  Preproduction  tests  shall  consist  of  the  following: 

(a)  Accepteince  (Quality  Conformance)  Tests 

(b)  EMI  Tests 

(c)  Environmental  Tests 

(d)  Reliability  Demonstration  Tests 

(e)  Maintainability  Demonstration  Test 

(f)  VAST  Compatibility  Demonstration  Test 

( g)  Humsui  Factors  Engineering  Verification  Test 
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^4.3.1  (Continued) 

NOTES:  (l)  During  preproduction  testing  of  the  applicable  equipments, 

Micro  Integrated  Circuit  Replaceable  Assembly  (MICRA) 
from  the  two  acceptable  sources  shall  be  employed  in  the 
test  specimen.  MICRA  from  the  second  source  shall  be 
used  in  applications  having  the  sairie  environmental -opera- 
tional stresses  imposed  upon  them  as  do  MICRO  from  the 
first  source. 

(2)  Wlien  tolerances  are  specified  in  the  applicable  referenced 
specifications/standards,  these  tolerances  shall  include 
the  instrumentation  error. 

4. 3. 1.1  Acceptance  ( Quality  Conformance)  Inspection.  - The 
acceptance  tests  shall  consist  of  the  tests  of  4.4.1  and  shall  be  performed 
on  all  preproduction  equipment . 

4 . 3 . 1 . 2 Electromagnetic  Interference  (EMI)  Test  Requirements.  - 
The  seller  shall  demonstrate  compliance  to  3.3.8  by  meeting  the  requirements 
and  performing  the  tests  specified  herein.  During  susceptibility  testing, 
when  a problem  is  found,  the  seller  shall  determine  and  record  the  threshold 
of  susceptibility  that  causes  the  problem.  The  threshold  shaJl  be  defined  in 
terms  of  frequency,  amplitude  or  distance  from  unit  cable  or  cable  bundle  as 
may  be  applicable  for  the  configuration  under  test.  Test  shall  be  performed 
with  harnesses  that  simulate  aircraft  configuration  as  to  length,  gage, 
shields  grounding,  etc.  The  test  set  up  shall  not  be  disassembled  unless 
approved  by  the  procuring  activity.  The  system  shall  be  tested  to  these 
requirements  in  all  modes  of  operation. 

4 . 3.1 .2 .1  Test  Requirements  and  Limits  of  Specification  MIL-I-6181.  - 
The  equipment  shall  be  subjected  to  the  test  requirements  and  comply  with 

the  limits  of  Section  4 of  Specification  MIL-I-618I. 

4. 3. 1.2. 2 Transient  Conducted  Interference  Susceptibility.  - itilses, 
50  volt  amplitude  both  positive  and  negative  polarity,  shall  be  injected  into 
each  AC  and  DC  power  lead  at  a pulse  repetition  rate  of  10  pps  minimum  for  a 
period  of  at  least  5 minutes  for  each  pulse  polarity.  The  characteristics 

of  the  transient  pulse,  as  measured  by  an  oscilloscope  across  the  input 
terminal  of  the  test  sample  (while  the  test  sample  is  operating)  shall  follow 
the  typical  wave  shape  specified  in  Figure  4.1.  Either  series  or  parallel 
injection  can  be  used  as  shown  in  Figure  4.2.  i,ine  stabilizati on  networks 
shall  be  removed  during  these  tests.  If  the  equipment  is  found  to  be 
susceptible,  the  threshold  of  susceptibility  shall  be  determined  by  decreas- 
ing the  piUse  amplitude. 
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4. 3. 1.2. 3 Transient  Radiated  Interference  Susceptibility.  - The 

tests  shall  be  performed  in  accordance  with  Figure  4.3. The  relay  used 
shall  be  Standard  MS25271  or  equivalent.  No  suppression  shall  be  applied 
to  the  relay.  The  relay  circuit  shall  be  unshielded  wire  tightly  coupled 
(taped)  to,  and  in  parallel  with,  the  equipment  power  leads  and  sipiial  leads, 
and  tightly  looped  about  the  units  of  the  equipment  comprising  the  test 
sample.  The  test  shall  be  performed  first  with  the  double  pole  double  throw 

(DPDT)  switch  in  position  A,  then  with  the  DPDT  switch  in  position  B.  The 

test  shall  be  run  for  a period  of  at  least  five  minutes  in  each  switch 

position.  If  the  unit  is  susceptible,  the  threshold  of  susceptibility  shall 

be  determined  by  moving  the  relay  circuit  wire  away  from  the  bundle  or  case. 

4. 3. 1.2. 4 Induction  Field  Interference  Susceptibility.  - 

4. 3. 1.2. 4.1  Cable  Bundle  Test  and  Requirements.  - Tape  two  (2) 
insulated,  unshielded  wires  to  each  cable  bundle  of  the  test  sample,  90 
degrees  apart.  The  current  carrying  wires  shall  run  the  entire  length  of  the 
bundle  under  test,  and  as  close  as  possible  to  each  end  connector.  Apply  20 
amperes  of  AC  current  at  a frequency  of  400  Hz  to  each  wire,  one  at  a time. 

See  Figure  4.4  for  the  test  set-up.  All  cable  bundles  shall  be  2 inches 
minimum  above  ground  plane.  AC  power  leads  may  be  exempt  from  this  test.  The 
test  shall  be  for  a period  of  at  least  5 minutes  for  each  switch  position. 

If  the  unit  is  susceptible,  the  threshold  of  susceptibility  shall  be  deter- 
mined by  decreasing  the  current  in  the.  current  carrying  wire  and  then  by 
moving  the  current  (20A)  carrying  wire  away  from  the  bundle 

4. 3. 1.2. 4. 2 Case  Test  and  Requirements.  - Wrap  one  turn  of  insulated, 
unshielded  wire  around  each  unit  case  in  the  test  sample.  This  single  turn 
of  wire  shall  be  centered  and  held  in  place  by  tape.  Apply  20  amperes  of 

AC  current  at  a frequency  of  400  Hz.  See  Figure  4.5  for  the  test  set-up. 

The  test  shall  be  run  for  a period  of  at  least  five  minutes.  If  susceptible, 
the  threshold  of  susceptibility  shall  be  determined  by  decreasing  the  current. 

4. 3. 1.2. 5 Redlated  Field  Interference  Susceptibility.  - 'J'his 
requireiiient  supersedes  the  RF  radiated  susceptibility  requirement  in 
Specification  MIL-I-61&1.  The  cables  and  units  comprising  the  test  sample 
sh.ilj.  be  subjected  to  a 1.0  volt  per  meter  field  in  the  frequency  range 

of  0.155  MHz  to  20  GHz.  The  modulation  of  the  RF  signal  shall  be  those 
rates  and  indices  for  which  the  test  sample  is  most  susceptible.  The 
specified  field  strength  shall  be  established  by  placing  a calibrated 
antenna  at  the  same  distance  or  relative  location  where  the  test  sample  will 
be  placed.  The  power  at  the  input  terminals  of  the  transmitting  antemw 
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4. 3.1. 2, 5 (Continued) 

required  to  establish  the  specified  field  shall  be  monitored  and  recorded. 

When  a test  is  performed,  this  same  amount  of  power  shall  be  applied  to  the 
transmitting  antenna  terminal.  When  baluns  or  other  matching  networks  are 
used,  any  losses  shall  be  properly  compensated.  If  susceptible,  the  threshold 
of  susceptibility  shall  be  determined  by  reducing  the  field  intensity. 

4. 3. 1.3  r.’nvi r ;.n.~eraal . - '."re  fcllcwir.r  environmental  tests  shall 

be  performed  in  acccrdancs  with  frccification  ;-IIL-T-542:5  for  Class  2 
equipment  except  as  rocified  herein.  Prior  to,  durir.-  and  after  each 
environr.M.tal  test,  readirarj  shalJ,  be  tai:en  to  deterr.ino  that  the  operational 
limits  of  this  sceci  ficaticr  ore  met,  with  the  e.xcertion  of  salt  spray,  snoc.: , 
sand  and  dust,  explosion  ana  fur.rpjs  for  which  readings  shall  be  taken  only  at 
the  start  and  finish  of  eacn  test. 

A. 3. 1.3.1  Tc-txerature  end  /vltituac.  - Trie  equipment  shall  operate 

satisfactorily  -within  a temraturo-adti -uae  envirenment  specified  in 
Sped ;i cation  2 pararrapn  4.1  moair'ica  by  dpecifioation 

/.  d -'.'Or  0.  'ire  coci.in"  rm'rfcr.r.ni.ce , moisvn-e.  iii:-:.  .To.'  and  the;  e.al  shook 
tests  cf  r.pecificction  .■■t.'.  .T  .2.  C shall  be  n-srforr.-' d .is  part  of  this  tost. 

All  coritrci  panels  ssall  to  removed  i'rcrr.  zr.c  tested  cs.-t..mbly  for  t.his 
temperature  altitude  test  and  r.-iall  be  sucjected  cr.iy  to  the  tests  and 
limits  of  Specification  !-TL-C-fc7bl,  paragraph  4.1,  for  qualification  purposes. 

4. 3. 1.3. 2 Vibration.  - The  equipment  shall  be  tested  in  accoraaace 

with  para/traph  4.2,  Curve  I ana  Curve  II  from  Figire  2 of  Specification 
MIL-T-5422  and  as  follows. 

4. 3. 1.3. 2.1  V_y'ratior^  Tesjt.  - The  specified  vibratioi;  input  shall 
be  sinusoidal  at  the  no.m’.r.ai  frccue.ncy.  Trie  i.npc.t  shall  be  applied  to 
and  monitored  at  the  interface  between  ttie  test  fi.xture  anu  each  equipment 
mounting  roint.  A ccr.pietc  record  of  each  vibration  test  siiall  be  established, 
including  all  resonant  frequencies  detected  witii  am.eociated  av.olifieaticn 
factors,  instrvenentation  used,  and  details  re^^ardir.'-  the  performance  of  the 
equipment  under  test.  The  input  to  all  mounting  points  shall  be  at  least 

the  levels  of  the  applicacla  curmre  or  as  aporcvo'.i  by  the  procuring  activity. 

4. 3. 1.3. 2. 2 Pesor.ant  ft, -ell  Frequencies.  - fesonant  dwell  frequencies 
shall  be  defined  as  tacsc  f req-uon'.'ics  at  vi-uen  t.n-'  vibration  is  most  likely 
to  cause  structural  failure  or  malfunction  of  the  test  item.  The  most 
severe  dwell  frequencies  need  not  always  coincide  with  resonant  frequencies. 
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**.3.1.3.2.3  Vibrntion  Fixtures.  - The  test  fixture  shall  transmit 
the  specified  sinusoiuai  vibracion  input  frcr.  the  shaker  armature  to  the 
equipment  mounting  points  wish  minimun.  astemiation,  amplification  or  dis- 
tortion. Transverse  motion,  in  any  direction,  measured  at  the  equipment 
mountint;  points  should  be  less  than  1C02  of  the  applied  vibration.  Com- 
pliance with  the  above  requirements  shall  be  demonstrateu  uy  performing 
e fixture  survey  in  each  axis  with  the  test  specimen,  normally  mounted; 
however,  ir.nut  levels  shell  not  exceed  205^  of  the  levels  specified  hy 
Curve  I of  Cpecificatior.  !'IL-T-5^22 . 

^.3. 1.3. 3 fhock.  - The  equipment  shall  he  tested  in  accordance  with 

pai'a,-raoh  1.2  of  Coecification  ;'lL-T-5^22.  The  shock  pulse  shall  be  a half- 
sine wave  as  defined  by  paragrsph  3.1  frem  Method  213  of  Standard  MIL-GTD-202. 
Instruitentation  usca  to  record  t.ae  intut  tuise  shall  be  ir.  accordance  with 
p-aragrann  2.2,  :.2tnoa  516  of  Standard  ;:iL-ETD-fclO.  The  amplitude  of  the 
shock  pulse  shall  be  ^ 10;J  of  the  level  indicated. 


^.2.i.3.b  'htm.i'-.lty . - The  ecuirment  shall  he  tested  in  accordance  ' 

vi.th  T :m'c.;raT'n  c-l  ec^ficatior.  M.l.t-T-5‘'i22  as  medifiei  ty  :r-eci f ient  it;;  i 

A51CtVtl0.  A rarid  c pcrr.ti-'nal  cncck,  such  \z  a PIT  check,  shall  bp  concur -‘.-u  I 

once  during  t::e  low  tcmter.at\irc  portion  of  eac.h  cycle.  Durinm  c.decl'.cut, 

specially  cooled  ecuirment  snail  receive  cooling  air  at  the  anpropriate  j 

temperature  and  flow  rate.  At  the  cor.pietion  of  the  humidity  test  a complete  i 

checkout  of  the  equipment  shall  be  performed.  j 

KC>TLS : (l)  Tl'.e  use  of  a Dewooint  indicator  for  verification  of  } 

relati%'e  humidity  is  preferred.  Differential  tc.'.:rerat'.ire  i 
(wet  \u.  dry)  or  sc"arate  wet  ana  dry  bulb  neasure.mcnt s 
havin.'  the  required  resolution  are  acceptable,  bifferen-  i 
tial  tenperature  is  preferred  ever  separate  wet  and  dry  1 

bulb  readings . I 


(2)  If  a wet  bulb  re.nsor  is  used,  the  air  flow  past  the  sen- 
sor shall  be  at  least  9d0  feet  per  m.inute.  Both  the  ary 
bulb  and  vet  bulb  sensor  snail  be  located  in  the  sccie 
air  .strea-, . The  dry  bulb  sensor  shall  be  located  beside 
or  upstream  from  the  wet  bulb  sensor. 
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*».3.1.3.5  Acceleration . - The  equipment  shall  be  tested  in  accord- 

ance with  para^aph  U.16.3,  Procedure  III  of  Specification  MIL-E-5272. 
TolerMce  on  radial  acceleration  shall  be  + 10?  at  the  center  of  gravity  of 
the  esgutpsent. 

^.3. 1-3. 6 Salt  Spray.  - The  equipment  shall  be  tested  in  accordance 

with  paragraph  U.3  of  Specification  MIL-T-5l*22. 

* **.3. 1.3. 7 Explosion . - The  equipment  shall  be  tested  in  accordance 

with  paragraph  1*.6  of  Specification  MlL-T-5**22. 

1*. 3. 1.3. 8 Sand  and  Dust . - The  equipment  shall  be  tested  in 

accordance  with  paragraph  li.7  of  Specification  MIL-T-5**22. 

**.3.1.3. 9 Fungus . - The  equipment  shall  be  tested  in  accordance 

with  paragraph  U.6  of  Specification  MII.-T-5*»22. 

•*  **.3.1.3.10  Explosive  Decompression.  - The  equipment  shall  be 

subjected  to  tests  simulating  cabin  blowout  conditions  resulting  fran  the 
explosive  decompression  rates  for  Conditions  I and  II  8is  shown  in  Figure 
3.2.  During  these  tests,  the  chamber  and  equipment  internal  pressure 
variations  shall  be  recorded.  At  the  conclusion  of  each  test  the  equip- 
ment shall  meet  the  applicable  operating  requirements  as  specified  in 
3.3.12.3.1. 

**.3.1.**  Reliability  Demonstration.  - Preproduction  tests  shall 

Include  reliability  demonstration  in  accordance  with  Steuidard  MIL-STD-781, 

Qualification  Phase  Test  Level  F.  Test  Plan  and  the  cycling  requirements 

of  Figure  1 of  Standard  MIL-STD-781  as  modified  by  Specification  A51CSR017. 

**.3.1.5  Maintainability  Demonstration.  - A maintainability 

demonstration  shall  be  made  on  preproduction  equipments  in  accordance 
with  the  sellers  approved  maintainability  demonstration  plan,  prepared  in 
accordance  with  Standard  MIL-STD-**71 , Test  Plan  A and  B,  Method  1 and 
Specification  A51CSM013. 


• Delete  for  cabin  equipment. 

••  Delete  for  other  than  cabin  equipment . 
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4. 3. 1.6  VAST  Corapatibility  Der.onstratlon . - The  VAST  compatibility 
denonstration  shall  be  peri'crmed  in  accoraance  with  Specification  A51CSV022. 

4. 3. 1.7  Human  Factors  Ensrincerinc;  Vgrificr.tion  Test.  - A human 
factors  engineerinp  verification  test  shall  be  performed  to  demonstrate 
compliance  with  the  applicable  haman  factors  engineering  specifications.  The 
effect  of  degraded  inputs  and  degraded  performance  shall  be  determined. 

4.3.2  Preprcductior.  Test  Feport.  - The  seller  shall  submit 
to  the  procuring  activity,  for  approval,  copies  of  his  preprcduction  test 
report.  Tne  report  shall  include  the  test  results,  all  supporting  data 
collected  in  conducting  the  tests,  and  analyses  of  all  failures  which 
occurred.  As  a supplement  the  seller  may  include,  for  the  procuring 
activity's  consideration,  any  recenmenaations  for  design  improvement 
beyond  the  corrective  action  reouired  to  pass  she  test.  The  data  pre- 
sentation of  the  test  report  shall  be  coordinated  with  the  approved  test 
procedure  required  by  4.7. 

4.3.3  Tr oprcaucuior.  /'rrycval . - Satisfactory  completion  of 
the  preprcduction  test  roe  sir  cmcr.tr,  snail  bo  conoinrent  upon  the  rrocurirg 
activity's  spprr.val  or  the  seller's  rrsproaucticn  tent  report.  Fabricatici! 
of  production  equipment  prior  to  such  approval  in  at  tne  seller's  own 
risk.  After  completion  of  the  tests,  the  disposition  of  the  equipments 
tested  shall  be  as  specified  in  the  contract. 

4.4  Acceptance  Tests.  - Acceptance  tests  shall  be  performed  to 

verify  that  eauipments  suppiicu  unuer  the  contract  meet  the  standards  i 

established  in  Gecticn  3,  and  are  equivalent  to  the  preprcduction  test  ! 

equipments  in  all  resoects.  including  design,  construction,  verruca ns hip,  tost  | 
per ro:m.ar.ce  arid  aualrty.  Accertar.ee  or  approval  of  material  during  Pne  I 

course  of  manufacture  snail  not  be  construed  as  a guarantee  of  its  acceptnnee  I 
in  the  finished  product.  All  equipments  shall  have  satisfactorily  passed  1 

the  applicable  acceptance  tests  prior  to  delivery,  ho  deliverable  equirr.cnt  j 

shall  have  uccruea  more  than  20^  cf  its  operating  life  (includir-.g  all  test  j 
and  chock  out  time)  vnen  received  by  the  procuring  activity.  If,  during  j 

testin.g,  2051  of  the  useful  life  of  a limited  life  ite.ti  is  exceeded  (based 
on  the  T/reviously  established  rcpiaccnent  schedule),  those  items  must  be 
replaced  prior  to  .shipr.ent  to  the  procuring  activity  and  a final  functional 
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U.4  (Continued) 


perfonr.ar.ee  check  must  be  satisfactorily  canpleted.  Evidence  of 
noncar.pliance  vitr.  the  above  shall  cormtitute  cause  for  rejection.  For 
noncc:r;)lyin,^  cquir.r.o.'it  .already  accepted,  it  3t;all  be  the  obligation  of  the 
seller  to  designate  the  necessary  corrections  and  incorporate  them  after 
approval  by  the  procuring  activity.  (Mso  see  4.3.1). 

4.4.1  Scope  of  Accertance  Tests.  - Acceptance  tests  are 

categorised  as  follows: 

(a)  Individual  Tests 

(b)  Reliability  Avcceptance 

(c)  Final  Operational  Test 


4. 4*1.1  Individual  Tests.  — Inuividu. 

cn  each  equi'Mciit  suevattou  for  acccf,tar:ce  ut....er 
consist  of  the  tests  specified  herein. 


tests  sh.all  be  conducted 
he  contract,  ana  srail 


4. 4. 1.1.1  Examination  of  Fh*cduct.  - Each  equipment  shall,  be 

exanineKl  during  appropriate  st:;,qes  of  manufacture  and  asse.ably  to  dote;-ni:ie 
compliance  wath  Requirement  9 of  Standard  MIL-SiD-iija  and  the  applicable- 
drawings. 

I 4. 4. 1.1. 2 Initial  Operational  Test.  - Tlie  operational  tests  shall 

I establish  that  the  eGuipme;'.t,  when  operated  in  accordance  with  th.e  arnrovoa 
test  procedures  of  4.7,  anu  unaer  ti.e  Standard  Conditions  of  3.3.9,  meets 
the  applicable  design  requirements.  Before  test  measurements  ore  taken, 
each  equipment  shall  be  ocerated  continuously  for  at  least  onc-half  hour 
after  its  tnermai  stabilization  temrerature  (See  Section  6)  ;i:...s  been  reached. 
Once  the  Time  to  reach  thermal  stabilization  has  been  e.stabi isljeu , the 
temperature  measurements  need  not  be  repeated  on  subsequent  equipments. 


4. 4. 1.1. 3 Manufacturing  Run-In  Test.  - Manufacturing  r'un-in 

tests  shall  be  performed  to  eimnin.ate  manufacturing  defects  from  equipment 
before  subjecting  the  equipment  to  further  tests.  Each  equipment  shall  bo 
operated  under  the  same  environmental  and  cycling  conditions  as  specified  in 
4. 4-1.2  for  a period  of  100  "ON"  hours. 
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4. 4, 1.1. 3.1  Test  Duration.  - Each  basic  test  cycle  shall  be 
repeated  until  the  required  number  of  operating  hours  has  been  achieved. 
Accrued  test  time  is  not  acquired  to  be  continuous,  i.e.,  time  out  to 
repair  the  equipment  and  verify  the  repair  effectiveness  in  the  event 
of  failure,  shall  be  allowed  but  shall  not  count  towards  acciaied  burn-in 
time.  Failures  occurring  during  the  manufacturing  run-in  duration  shall 
not  generally  count  against  the  reliability  assessment  of  the  equipment. 

The  seller  shall,  however,  determine  if  the  problem  is  due  to  workmanship 
or  is  design  oriented,  and  take  appropriate  corrective  action. 

4. 4. 1.2  Reliability  Acceptance  Test.  - The  equipment  shall  be 

operated  and  the  critical  performance  monitored  under  the  following  envi- 
ronmental conditions,  in  accordance  with  the  sellers  approved  test  plan 
and  the  cycling  requirements  of  Figure  1 of  Standard  MIL-STD-781  as  modified 
by  Specification  A51CSR017. 


i 


(a)  Temperature  -54 °C  to  ^71°C 

(b)  Vibration  Any  non-resonant  frequency  between 

54  and  75  Hz  at  1.5  g's.  (To  be 
applied  for  10  minutes  of  each  hour 
of  equipment  ON  time.) 

4. 4. 1.2.1  Basic  Reliability  Acceptance  Test.  - The  equipment  shall 

operate  consecutive  failure  free  "ON"  hours  under  the  above  environ- 
mental conditions.  Tlie  test  period  shall  be  extended  to  a maximijm  of  

hours  until  the  failure  free  period  is  achieved.  If  hours  of  test 

time  is  reached  without  successful  completion  of  the  failure  free  period, 
the  equipment  shall  be  deemed  unacceptable,  subjected  to  positive  correc- 
‘.i  ;e  a.'ti.n  with  the  concurrence  of  the  procuring  agency  and  resubmitted 
'or  acjep' ance  under  the  provisions  of  this  paragraph. 


I 
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(.4. 1.2. 2 


Reduced  Reliability  Acceptance  Test.  - When  failure 


history  during  RAT  for  the  last  10  equipments  shows  that  the  observed 

MTBF  meets  or  exceeds  the  specified  MTBF  the  failure  free  "ON"  hours 

in  a maximimi  of  "ON"  hours  as  specified  above,  may  be  reduced  to  

and  hours  respectively,  subject  to  procuring  activity's  approval.  The 

procuring  activity  reserves  the  right  to  revert  to  the  Basic  Reliability 
Acceptance  Test  whenever  field  failure  experience  is  deemed  unsatisfactory. 
The  Basic  Reliability  Acceptance  Test  shall  be  automatically  re-instated 
whenever  the  combined  MTBF  (measured  during  RAT)  of  the  last  10  units 
subjected  to  the  Reduced  Reliability  Acceptance  Test  falls  below  the 
specified  MTBF. 

^*.4.1.3  Final  Operational  Test.  - The  operational  tests  required 

in  4. 4. 1.1. 2 shall  be  repeated  after  the  equipments  have  passed  all  prior 
acceptance  tests.  The  equipments  shall  perform  within  the  prescribed  toler- 
ances during  both  tests.  Any  significant  variations  between  the  data 
obtained  in  the  two  tests  of  a given  eqxiipment  shall  be  investigated  by  the 
seller  and  the  results  of  such  investigation  reported  to  the  procuring 
activity.  A failure  detected  during  final  operational  tests  shall  be  charged 
against  RAT,  and  shall  require  re-running  RAT  unless  the  seller  can  establish 
that  the  failure  did  not  occur  in  RAT. 

4,4,2  Acceptance  Test  Data.  - The  seller  shall  furnish  reports 

with  each  shipment,  showing  quantitative  results  for  all  acceptance  tests. 
Each  report  shall  identify  the  unit  by  part  number  and  serial  number,  and 
shall  be  signed  by  an  authorized  representative  of  the  seller.  Accrued 
operating  time  shall  be  reported  (See  4,b). 

4.5  Special  Tests.  - Changes  in  design  and  material  subsequent 

to  completion  of  the  preproduction  tests  may  require  additional  or  revised 
testing  of  the  equipments  involved.  Such  tests  as  are  directed  by  the 
procuring  activity  for  the  purpose  of  evaluating  the  changes  on  the  perfor- 
mance and  quality  of  the  revised  equipments  are  classified  as  special  tests. 
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4.5.1  ScoT?e  of  Srecja.l  Tests.  - Test  proce-iures  nreviously 
approved  for  the  prerroduct ion  tests  shall  be  used  where  applicable.  When 
not  applicable,  the  seller  shall  prepare  a test  procedure  and  subrit  it 

to  the  procuring  activity  for  approval  prior  to  conductinr  the  tests. 

4.5.2  Special  Test  Schedule.  - Special  tests  shall  be  male 
as  follows : 

(a)  As  soon  as  deemed  practicable  by  the  procurin<7  activity  after 
an  enKineerins;  or  material  chanme. 

(b)  Whenever  failure  reports  or  other  information  indicate  that 
additional  tests  are  reouired.  (This  will  be  determined  by 
the  procurinf’-  activity.) 

4.6  Eouipmeut  F.ailure.  - The  term  failure  shall  be  as 

defined  in  Section  6.  Ehoui.l  .a  failure  occur  during  ary  of  the  acceptance 
or  special  tests  specified  he-^eir..  the  following  action  shall  be  taken: 

(a)  Immediately  notify  th.»  prccurinr  activity's  representative. 

(b)  I'rerare  a malfunction  report,  notirm  suspected  cause,  and 
submit  to  procurinm  activitv. 

(c)  Deterr.j  ne  the  cause  of  failure. 

(d)  Deter.mine  if  the  failure  is  a recurrinm  manuf acturinm  problem 
or  desirnn  deficiei:cy. 

(e)  Submit  analysis  to  the  procuring  activity. 

(f)  Submit  to  the  orocurinir  activity  for  approval  the  proposed 
corrective  action  intended  to  reduce  the  possibility  of  the 
sam.e  failupe(s)  recurrinr. 

4.6.1  Correction  Validation.  - When  a failure  occurs  durir.,7 

acceptance  or  special  tests,  the  individual  test  resuirementp  schedule 
shall  include  a test  to  crec.h  all  esuirment  for  the  noted  nonconfor ’..ance 
until  it  has  been  determined  that  the  defect  has  been  satisfactorily 
corrected . 
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4.7  Test  Procedures.  - The  procedures  used  for  conducting 
preproducticn  tests  and  accepta.nce  tests  shall  be  prepared  by  the  seller 
and  submitted  to  the  procuring  activity  for  approval.  The  right  is 
reserved  by  the  procuring  activity  to  nodify  the  tests  or  to  require  any 
additional  test  procedure  or  details  deened  necessary  to  detenaine 
cor.pliance  vith  the  requiranents  of  this  specification.  The  test  details, 
such  as  fixture  design,  the  length  of  the  test  cycle,  the  length  of  heat 
portion  of  the  cycle,  the  perforr.ance  characteristics  to  be  r.eas'orea, 
special  failure  criteria,  preventive  maintenance  to  be  allowed  during  the 
test,  themocoupi.e  and  accelerometer  locations,  instricnentation  description, 
etc.,  shall  be  oart  of  the  test  procedures  to  be  submitted.  In  addition, 
the  test  procedures  shall  include  a list  of  li.mited  life  items  with  their 
replacement  schedules.  Specification  MIL-T-18303  shall  be  used  as  a guide 
for  the  preparation  of  test  procedures. 

4.8  Rc.lection  and  Retest.  - Equipment  which  has  been 
reflected  may  be  reworked,  or  nave  parts  replaced  to  correct  the  defects, 
and  resubmitted  for  cccept'ance.  F.efcre  resubnittal,  full  particulars 
conccrr.iti,';  yrcvicus  re,', rction  ard  th.o  action  taken  to  cerrtet  the  defects 
found  in  the  ori.'^ir.ai  siuull  be  furnish.ed  to  the  prccurir.g  activity.  After 
corrections  have  beer,  made,  all  tests  deemed  necessary  by  the  procuring 
activity  shall  be  repeated. 

4.8.1  Defects  in  Item.s  Already  Accepted.  - When  investiga- 

tion of  a test  failure  indicates  tliat  like  defects  exist  or  coulu  exist 
in  items  already  accepted,  the  seller  shall  so  auvise  the  procuring 
activity,  designate  the  necessary  corrections  and  incorporate  them  after 
approval  by  the  procuring  activity. 
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5 PREPARATION  FOR  DELIVERY 

5.1  General . - All  major  units  and  parts  of  the  equipnent 
shall  be  preserved,  packaged,  packed  and  marked  for  the  level  of  shipment 
specified  by  the  procuring  activity. 

6 NOTES 

6.1  Intended  Use.  - 

6.2  Ordering  Data.  - Purchasers  should  exercise  any  desired 
options  offered  herein,  and  procurement  documents  should  specify  the 
following : 

(a)  Title,  number,  eind  date  of  this  specification. 

(b)  Selection  of  applicable  levels  of  packaging  and  packing  (See  5.1). 

6.3  Prececence  of  Documents.  - V.lie.n  ti.c  reouircme.nts  of 
the  contract,  this  srocificaticu , or  applic.able  subsidiary  specifications 
are  in  conflict,  the  following  precedence  shall  apply: 

(a)  Contract  - The  contract  shall  have  precedence  over  any 
specification. 

(b)  This  Specification  - This  specification  shall  have  preceaence 
over  all  applicable  subsidiary  sreci fications . Any  deviation 
from  this  specification,  or  from  subsidiary  srecifications 
where  applicable,  shall  be  specifically  approved  in  writing  by 
the  procuring  activity. 

(c)  Referenced  Specifications  - Any  referenced  snecification  shall 
have  precedence  over  all  applicable  subsidiary  specifications 
referenced  therein.  All  referenced  specifications  snail  apply 
to  the  extent  specified. 
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6.*+  Performance  Ob.iectives.  - Minimum  size  and  weight, 

simplicity  of  operation,  ease  of  maintenance,  and  an  improvement  in  the 
performance  and  reliability  of  the  specific  functions  beyond  the  requirements 
of  this  specification  are  objectives  which  shall  be  cor  dered  in  the  product- 
ion of  this  equipment.  Where  it  appears  a substan’ le  reduction  in  size  and 
weight  or  improvement  in  simplicity  of  design,  perfoimance , ease  of  mainten- 
ance or  reliability  will  result  from  the  use  of  materials,  parts  and  processes 
other  than  those  specified  in  Specification  MIL-E-5^00,  it  is  desired  their 
use  be  investigated.  When  investigation  shows  advantages  can  be  realized, 
a request  for  approval  shall  be  submitted  to  the  procuring  acitivity  for 
consideration.  Each  request  shall  be  accompanied  by  complete  supporting 
information.  • 

6 . 5 Definitions . - 

(a)  Procuring  Activity  - The  procuring  activity  as  referenced  in 
this  specification  shall  mean  the  Grumman  Aerospace  Corporation 
which  is  defined  as  the  prime  contractor  procuring  activity  for 
the  Naval  Air  Systems  Coznmand.  The  government  procuring  activity 
for  the  F-l4  Weapon  System  is  the  Naval  Air  Systems  Command, 
Washington,  D.C. 

(b)  Seller  - The  seller  is  the  agency  responsible  to  Grumman  for 
supplying  the  equipment  described  in  this  specification. 

(c)  Failure  - A failure  is  the  inability  of  an  item  to  perfonii  its 
required  function  within  specified  limits  under  specified 
conditions  for  a specified  duration. 
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6.6  (Continued) 

(d)  Theraal  Stability  - Thermal  stability  is  the  conditions  attained 
in  an  equipment  when  the  rate  of  temperature  change  of  its 
largest  thermal  mass  becomes  less  than  2*’C  per  hour  or  as  specified 
in  Specification  MIL-T-5*»22. 

(e)  Mon-Conformance  - A condition  of  any  article,  material  or  service 

in  vhich  one  or  more  characteristics  do  not  conform  to  the  specified 
requirements. 

(f)  Symbols  - The  symbol  (*),  when  used  in  the  type  designation  will 
be  deleted  or  replaced  by  either  a number  or  a letter  upon 
assignment  of  nomenclature. 

6.6  Testing  Ground  Rules.  - 

6.6.1  General  Rules.  - The  following  ground  rules  apply  to 

the  design  verification,  preproduction,  acceptance,  and  special  tests 
required  herein,  and  supplement  those  found  in  the  referenced  specifications. 
See  6.6.2  for  additional  rules  that  apply  to  reliability  assurance  tests. 

(a)  A complete  physical  inspection  and  Quality  Control  sign-off 
shall  be  made  prior  to  any  test  and  after  each  removal  and 
replacement  of  components  during  a test  cycle. 

(b)  A survey  shall  be  conducted  on  one  unit  prior  to  test  to 
determine  the  time  required  to  reach  thermal  stability.  This 
shall  be  accomplished  by  monitoring  a thermocouple  located  as 
closely  as  possible  to  the  core  of  the  item  of  greatest  thermal 
inertia.  The  time  required  to  reach  cold  soak  temperature  shall 
be  determined  with  the  equipment  not  operating.  The  time  required 
to  reach  the  upper  operating  temperature  limit  shall  be  determined 
with  the  equipment  operating. 

(c)  Throughout  the  program  and  after  every  design  change,  the 
equipment  being  tested  sind  the  test  fixture(s)  shall  be 
operated  as  integrated  units  to  assure  compatibility. 
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(d)  The  self-teat  provisions  of  the  equipment  under  test  sbsLll  be 
utilized  to  the  maximim  extent  for  determination  of  equipment 
performance  during  test,  provided  the  monitoring  means  employed 
enables  positive  recognition  of  equipment  failures. 

(e)  Anticipation  of  failure  shall  not  be  Justification  for 
preventive  maintenance,  l.e. , if  an  output  is  observed  to  be 
degrading  but  is  still  vithin  specification  limits,  no  replace- 
ment or  adjustment  vlll  be  permitted  unless  such  adjustments 
are  normally  made  by  means  of  crev  operated  controls. 

(f)  Normal  flight  line  maintenance  (adjustments,  replacements  of 
limited  life  items,  etc.)  shall  be  permitted  only  at  periods 
specified  in  the  maintenance  manual  for  that  specific  equip- 
ment. 

6.6.2  Reliability  Demonstration  Rules.  - The  follovlng  rules 

supplement  those  in  6.6.1  for  reliability  demonstrations. 

(a)  During  the  initial  fixture/equipment  compatibility  check, 
operating  time  and  fedlures  shall  be  documented  amd  the  failures 
reported,  but  neither  this  time  nor  these  failures  shall  be 
Included  in  the  reliability  calculations. 

(b)  Operating  time  required  to  check  the  validity  of  repairs 
during  the  compatibility  phase  shedl  be  documented  but  omitted 
from  reliability  calculations.  This  time  shall  not  exceed  8 
hours. 

(c)  Total  test  operating  time  per  unit,  including  the  time  for 
fixture/equipment  compatibility  check,  shall  not  exceed  20 
percent  of  the  equipment  usefiU.  life.  Items  exceeding  this 
limit  shall  be  reported. 
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